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$EVWUDFW
:RUGVZKLFKIUHTXHQWO\FRRFFXULQODQJXDJHµFROORFDWLRQV¶DUHRIWHQWKRXJKW
WREHLQGHSHQGHQWO\VWRUHGLQVSHDNHUV¶PLQGV7KLVLGHDLVWHVWHGKHUHWKURXJK
H[SHULPHQWV LQYHVWLJDWLQJ WKH H[WHQW WRZKLFK FRUSXVLGHQWL¿HG FROORFDWLRQV
H[KLELWPHQWDOµSULPLQJ¶LQDJURXSRIQDWLYHVSHDNHUV&ROORFDWLRQDOSULPLQJ
LVIRXQGWRH[LVW+RZHYHULQDQH[SHULPHQWZKLFKDLPHGWRH[FOXGHKLJKHU
RUGHUPHQWDOSURFHVVHVDQGIRFXVLQVWHDGRQWKHµDXWRPDWLF¶SURFHVVHVZKLFK
DUHWKRXJKWWREHVWUHÀHFWWKHRUJDQLVDWLRQRIWKHPHQWDOOH[LFRQSULPLQJLV
UHVWULFWHGWRFROORFDWLRQVZKLFKDUHDOVRSV\FKRORJLFDODVVRFLDWHV:KLOHWKH
IRUPHU¿QGLQJVXJJHVWVWKDWFROORFDWLRQVIRXQGLQDODUJHFRUSXVDUHOLNHO\WR
KDYHSV\FKRORJLFDOUHDOLW\WKHODWWHUVXJJHVWVWKDWZHPD\QHHGWRHODERUDWH
RXUPRGHOVRIKRZWKH\DUHUHSUHVHQWHG
.H\ZRUGV FROORFDWLRQSULPLQJVHFRQGODQJXDJHWHDFKLQJ
 ,QWURGXFWLRQ
7KHSKHQRPHQRQRIKLJKIUHTXHQF\FROORFDWLRQKDVEHHQDIRFXVRIUHVHDUFKE\
DSSOLHGOLQJXLVWVIRUVHYHUDOGHFDGHV7KLVLQWHUHVWKDVLWVURRWVLQWKHZRUNRI
)LUWKZKRQRWHGD³PXWXDOH[SHFWDQF\´SEHWZHHQFHUWDLQZRUGV
VXFKWKDWZKHUHZH¿QGRQHZHDUHOLNHO\WR¿QGWKHRWKHU5HVHDUFKHUVIRO
ORZLQJ)LUWK¶VOHDGKDYHIRUPDOLVHGWKHQRWLRQRIFROORFDWLRQDV³WKHUHODWLRQ
VKLSDOH[LFDOLWHPKDVZLWKLWHPVWKDWDSSHDUZLWKJUHDWHUWKDQUDQGRPSURED
ELOLW\LQLWVWH[WXDOFRQWH[W´+RH\S7KDWLVZRUGVDUHFROORFDWHV
RIHDFKRWKHULILQDJLYHQVDPSOHRIODQJXDJHWKH\DUHIRXQGWRJHWKHUPRUH
RIWHQWKDQWKHLULQGLYLGXDOIUHTXHQFLHVZRXOGSUHGLFW-RQHV	6LQFODLU
S:RUGVZKLFKVWDQGLQVXFKDUHODWLRQVKLSFDQEHVDLGWRµSUHGLFW¶RQH
DQRWKHULQWKDWWKHSUHVHQFHRIRQHPDNHVWKHSUHVHQFHRIWKHRWKHUPRUHOLNHO\
WKDQLWZRXOGRWKHUZLVHEH
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 3'XUUDQWDQG$'RKHUW\
7KRXJKWKLVGH¿QLWLRQLVDWH[WXDORQHJURXQGHGLQFRUSXVZRUNUHVHDUFKHUV
KDYHRIWHQPRYHGEH\RQG WKH WH[W WRSRVLWFROORFDWLRQDVDSV\FKROLQJXLVWLF
SKHQRPHQRQ6LQFODLU IRUH[DPSOH VXJJHVWHG WKDW WKHH[LVWHQFHRIFROORFD
WLRQVLQFRUSRUDLQGLFDWHVWKDWODQJXDJHXVHUVVWRUH³DODUJHQXPEHURIVHPL
SUHFRQVWUXFWHGSKUDVHVWKDWFRQVWLWXWHVLQJOHFKRLFHVHYHQWKRXJKWKH\PLJKW
DSSHDUWREHDQDO\VDEOHLQWRVHJPHQWV´6LQFODLUS(OOLV
KDV FODLPHG WKDW ZRUGV ZKLFK DUH IUHTXHQWO\ HQFRXQWHUHG WRJHWKHU IRUP
µFKXQNV¶ LQ ORQJWHUPPHPRU\ DQG +RH\  KDV VXJJHVWHG WKDW KLJK
IUHTXHQF\FROORFDWHVPXVWPHQWDOO\µSULPH¶HDFKRWKHU
9LHZLQJFROORFDWLRQLQWKLVZD\KDVLPSRUWDQWLPSOLFDWLRQVIRUVHFRQGODQ
JXDJH WHDFKLQJ7KH LGHD WKDW KLJK IUHTXHQF\PXOWLZRUG IRUPV KDYH VRPH
IRUPRI LQGHSHQGHQW UHSUHVHQWDWLRQ LQ WKHPLQGVRI FRPSHWHQW VSHDNHUVKDV
PRWLYDWHGPRGHOVRI LGLRPDWLFLW\DQGÀXHQF\3DZOH\	6\GHU¿UVW
DQGVHFRQGODQJXDJHDFTXLVLWLRQ:UD\(OOLV7RPDVHOOR
ODQJXDJH SURFHVVLQJ (OOLV  6FKPLWW HW DO  -LDQJ	1HNUDVRYD
DQGZKROHWHDFKLQJDSSURDFKHV௘1DWWLQJHU	'H&DUULFR/HZLV

+RZHYHUPDQ\UHVHDUFKHUVUHPDLQVFHSWLFDOUHJDUGLQJWKHSV\FKROLQJXLVWLF
UHDOLW\ RI KLJK IUHTXHQF\ZRUG FRPELQDWLRQV2QHREMHFWLRQ LV WKDW WKH IUH
TXHQF\RIFRPELQDWLRQVFDQEHH[SODLQHGLQWHUPVRIUHDOZRUOGFRLQFLGHQFHV
UDWKHU WKDQ UHTXLULQJ DQ\ VSHFLDO UHSUHVHQWDWLRQ LQ WKHPLQG7KLV SRLQW KDV
EHHQSXWIRUFHIXOO\E\+HUEVWZKRREVHUYHVWKDWWKHIUHTXHQWFROORFD
WLRQVIRXQGLQFRUSRUDPD\VLPSO\UHÀHFWFHUWDLQH[WUDOLQJXLVWLFIDFWVDERXW
WKH ZRUOG'DUN QLJKW KH FRPPHQWV LV D VLJQL¿FDQW FROORFDWLRQ ³EHFDXVH
QLJKWVWHQGWREHGDUNDQGQRWEULJKW´+HUEVW6LPLODUO\%OH\9URPDQ
KDVDUJXHG WKDW UHFXUUHQWSDWWHUQVDUHPHUHO\DSURGXFWRI WKHXVHRI
ODQJXDJH WR H[SUHVVPHDQLQJ LQ FRQWH[W DQG GR QRW KDYH DQ\ VWURQJ GLUHFW
H[SODQDWRU\ IRUFH1HZPH\HU VXPV XS WKLV SRVLWLRQZLWK WKH FRPPHQW WKDW
IUHTXHQF\EDVHGDQDO\VLV³LVQRPRUHGHIHQVLEOHDVDQDSSURDFKWRODQJXDJH
DQGWKHPLQGWKDQZRXOGEHDWKHRU\RIYLVLRQWKDWWULHVWRWHOOXVZKDWZHDUH
OLNHO\WRORRNDW´௘1HZPH\HUS
$VHFRQGSUREOHPZLWKWKHOLQNIURPFRUSXVWRPLQGLVDSUDJPDWLFRQH,W
LVXQOLNHO\WKDWDQ\H[LVWLQJFRUSXVPDWFKHVWKHOLQJXLVWLFH[SHULHQFHRIDQ\
SDUWLFXODUVSHDNHUVLQFHWKHFRQWHQWRIDQ\JLYHQFRUSXVZLOOGHSHQGRQWKH
SXUSRVH IRU ZKLFK LW ZDV FRPSLOHG ODUJH FRUSRUD VXFK DV WKH %ULWLVK 1D
WLRQDO&RUSXVDWWHPSWWRFRYHUWKHZKROHUDQJHRIGLVFRXUVHIRXQGLQDSDU
WLFXODUQDWLRQDOYDULHW\ZKLOHRWKHUVFRQFHQWUDWHRQWKHODQJXDJHRIDSDUWLFXODU
ZULWHURURIDGH¿QHGJURXSVXFKDVVHFRQGODQJXDJHOHDUQHUVRUELRORJLVWV
7KHUHIRUHHYHQLIKLJKIUHTXHQF\RIFRRFFXUUHQFHLQDQLQGLYLGXDOVSHDNHU¶V
ODQJXDJHH[SHULHQFHGLGOHDGWRFROORFDWLRQVEHLQJKROLVWLFDOO\VWRUHGWKHLQ
HYLWDEOHGLIIHUHQFHVEHWZHHQZKDWLVLQDQ\JLYHQFRUSXVDQGZKDWDQ\JLYHQ
LQGLYLGXDOKDVH[SHULHQFHGPXVWOHDGXVWRTXHVWLRQZKHWKHUWKHFROORFDWLRQV
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
UHYHDOHGE\FRUSXVDQDO\VLVZRXOGEHSV\FKRORJLFDOO\UHDOIRUDQ\LQGLYLGXDO
VSHDNHU
)URPD WKHRUHWLFDO VWDQGSRLQW WKLV LVQRWHVSHFLDOO\ WURXEOLQJ ,QD UHFHQW
IRUPXODWLRQRIWKHIUHTXHQF\UHSUHVHQWDWLRQOLQN+RH\DFNQRZOHGJHVWKDWWKH
ERG\RIOLQJXLVWLFH[SHULHQFHWKDWSURYLGHVHDFKODQJXDJHXVHUZLWKWKHLUVHWRI
PHQWDOFROORFDWLRQVLV³LUUHWULHYDEOHXQVWXGLDEOHDQGXQLTXH´S
+RZHYHUKHUHDVRQVWKDWDOWKRXJKFRUSRUDFDQQRWWHOOXVDERXWWKHSULPLQJVRI
DQ\SDUWLFXODUVSHDNHUWKH\DUHOLNHO\WREHUHSUHVHQWDWLYHRIWKHW\SHVRILQSXW
VSHDNHUVDUHOLNHO\WRKDYHHQFRXQWHUHGDQGVRFDQEHXVHGDVDWHVWLQJJURXQG
IRUWKHYDOLGLW\RIFODLPVPDGHDERXWSULPLQJS
,IZHKDYHPRUHSUDFWLFDOJRDOVKRZHYHU WKLVPD\QRWEHVXI¿FLHQW)RU
H[DPSOHDQXPEHURIUHVHDUFKHUVHJ(OOLVHWDO6KLQ	1DWLRQ
'XUUDQW  DUH LQWHUHVWHG LQ LGHQWLI\LQJ OLVWV RI FROORFDWLRQVZKLFK ODQ
JXDJHOHDUQHUVQHHGWRNQRZ)RUWKLVZHZLOOZDQWWRNQRZPRUHWKDQMXVW
ZKHWKHUWKHFROORFDWLRQVIRXQGLQDFRUSXVDUHVLPLODULQNLQGWRWKRVHNQRZQ
WRLQGLYLGXDOVSHDNHUV:HZLOOZDQWWRNQRZZKHWKHUOHDUQHUVQHHGWRDFTXLUH
WKHVSHFL¿FKLJKIUHTXHQF\FROORFDWLRQVLGHQWL¿HG&OHDUO\WKHVHWRIFROORFD
WLRQVLQDQ\JLYHQFRUSXVDQGWKHVHWVRIFROORFDWLRQVNQRZQWRHDFKLQGLYLGXDO
VSHDNHUZLOOEHGLIIHUHQW7KHNH\TXHVWLRQLVKRZPXFKUHPDLQVFRQVWDQW,I
WKHUHLVDVWURQJRYHUODSEHWZHHQWKHNQRZOHGJHRIODUJHQXPEHUVRIVSHDNHUV
DQGWKHFRUSXVWKHQZKDWLVIRXQGLQWKHODWWHULVOLNHO\WREHZRUWKOHDUQLQJ,I
WKHUHLVDODUJHDPRXQWRIYDULDWLRQEHWZHHQWKHNQRZOHGJHRIGLIIHUHQWLQGL
YLGXDOVDQGZKDWLVIRXQGLQDFRUSXVKRZHYHUWKH\SUREDEO\DUHQRW(VWDE
OLVKLQJZKHWKHUWKHKLJKIUHTXHQF\FROORFDWLRQVIRXQGLQDFRUSXVDUHSV\FKR
ORJLFDOO\UHDOWKHUHIRUHKDVFOHDUSUDFWLFDOLPSOLFDWLRQV
$OWKRXJKIURPDSUDFWLFDOSHUVSHFWLYHLWLVLPSRUWDQWWRGHWHUPLQHZKHWKHU
KLJK IUHTXHQF\ FROORFDWLRQV KDYH SV\FKRORJLFDO UHDOLW\ OLWWOH H[SHULPHQWDO
ZRUNKDVEHHQFDUULHGRXWLQWRWKHSV\FKROLQJXLVWLFFRUUHODWHVRIFRUSXVIUH
TXHQF\7KHPDMRULW\ RIZRUNRQ WKH SURFHVVLQJRI IRUPXODLF ODQJXDJHKDV
IRFXVHGRQQRQSURSRVLWLRQDOHJ9DQ/DQFNHU6LGWLVDQGLGLRPDWLF
*LEEV	1D\DN*LEEVHWDO7LWRQH	&RQQLQH3HWHUVRQ
HWDOODQJXDJHUDWKHUWKDQIUHTXHQWFROORFDWLRQV:KLOHUHFHQW\HDUV
KDYH VHHQ D QXPEHU RI VWXGLHV ORRNLQJ DW IRUPXODLF ODQJXDJH GHULYHG IURP
FRUSRUDHJ6FKPLWWHWDO6FKPLWW	8QGHUZRRG8QGHUZRRG
HW DO  HJ -LDQJ	1HNUDVRYD&RQNOLQ	6FKPLWW  WKH
PDMRULW\RIWKHVHKDYHQRWSURYLGHGH[SOLFLWIUHTXHQF\LQIRUPDWLRQDQGVRGR
QRWDOORZXVWRGUDZDQ\VWURQJFRQFOXVLRQVRQWKHLPSOLFDWLRQVRIIUHTXHQF\
([FHSWLRQVWRWKLVUXOHDUHVWXGLHVE\0F.RRQDQG5DWFOLIIDQG(OOLV
DQGKLVFROOHDJXHVWRZKLFKZHZLOOUHWXUQEHORZ
*LYHQ WKLV ODFN +RH\¶V  PRGHO RI WKH UHODWLRQVKLS EHWZHHQ FRO
ORFDWLRQV LQ WH[W DQG FROORFDWLRQV LQ WKHPLQG WDNHV RQ FRQVLGHUDEOH LPSRU
WDQFH +RH\ GHVFULEHV FROORFDWLRQ DV ³D SV\FKRORJLFDO DVVRFLDWLRQ EHWZHHQ
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 3'XUUDQWDQG$'RKHUW\
ZRUGV´ ZKLFK LV ³HYLGHQFHG E\ WKHLU RFFXUUHQFH WRJHWKHU LQ FRUSRUD PRUH
RIWHQWKDQLVH[SOLFDEOHLQWHUPVRIUDQGRPGLVWULEXWLRQ´SS±2Q
WKLVPRGHOSV\FKRORJLFDODVVRFLDWLRQ LVPHDVXUDEOH LQ WHUPVRI WKHSV\FKR
OLQJXLVWLFQRWLRQRI µSULPLQJ¶7KLV LV WKHSKHQRPHQRQ¿UVWGRFXPHQWHGE\
0H\HUDQG6FKYDQHYHOGWZKHUHE\UHFRJQLWLRQRIDZRUGLVIDFLOLWDWHG
E\LWVSUHFHGLQJFRQWH[WVXFKWKDWDKHDUHURUUHDGHUUHFRJQLVHVDJLYHQZRUG
IDVWHU LI WKH\KDYHSUHYLRXVO\VHHQRUKHDUGDZRUGZKLFK LV UHODWHG WR LW LQ
VRPHZD\ 7KXV WKH ZRUG JLUO LV UHFRJQLVHGPRUH TXLFNO\ ZKHQ LW FRPHV
VRRQDIWHUWKHZRUGER\WKDQLWGRHVZKHQLWIROORZVDVHPDQWLFDOO\XQUHODWHG
ZRUG ,Q VXFKFDVHV WKHFRQWH[W LV VDLG WRSULPH WKH WDUJHWZRUG7KHH[LV
WHQFHRISULPLQJEHWZHHQZRUGVKDVEHHQ LQWHUSUHWHGE\SV\FKROLQJXLVWV DV
LQGLFDWLQJIDFWVDERXWWKHRUJDQLVDWLRQRIWKHPHQWDOOH[LFRQ,QSDUWLFXODULW
LVFRPPRQO\KHOGWKDWVSHHGHGUHDFWLRQWRSULPHGZRUGVLVDUHVXOWRIQHXUR
ORJLFDO DFWLYDWLRQ µVSUHDGLQJ¶ IURP WKH FRQWH[W ZRUG WR UHODWHG ZRUGV VHH
1HHO\IRUDUHYLHZRIYDULRXVWKHRUHWLFDOLQWHUSUHWDWLRQVRIWKHSULPLQJ
HIIHFW
+RH\VXJJHVWVWKDWVSHDNHUVSURGXFHFROORFDWLRQVLQDSUHGLFWDEOHPDQQHU
EHFDXVHRISULPLQJUHODWLRQVKLSVEHWZHHQZRUGSDLUV7KDWLVZKHQRQHSDUWRI
DFROORFDWLRQLVEURXJKWWRPLQGHJUDLQWKHQUHFDOORIWKHRWKHUSDUWHJ
KHDY\ZLOOEHSURPSWHG7KHVSHDNHUZLOOWKHUHIRUHEHPRUHOLNHO\WKDQXVXDO
WR DOVR SURGXFH WKLV FROORFDWLQJ IRUP VR FRPSOHWLQJ WKH FROORFDWLRQ KHDY\
UDLQDQGLVOLNHO\WRSUHIHULWRYHURWKHUSRVVLEOHV\QRQ\PVHJVWURQJ+RH\
DUJXHVWKDWVXFKSULPLQJLVDOVRWKHEDVLVRIRXUFUHDWLYHODQJXDJHV\VWHP7KH
JUDPPDWLFDOFDWHJRULHVDVVLJQHGWRZRUGVKHVXJJHVWVDUHQRWVSHFL¿HGE\DQ
LQGHSHQGHQWO\H[LVWLQJJUDPPDU5DWKHUWKH\HPHUJHIURPOH[LFDOO\VSHFL¿F
SDWWHUQVRISULPLQJ/DEHOV VXFKDV µQRXQ¶RU µYHUE¶VLPSO\GHVFULEHVHWVRI
ZRUGVZKLFKVKDUHFHUWDLQFKDUDFWHULVWLFJHQUHLQGHSHQGHQWSULPLQJV1RXQV
IRUH[DPSOHWHQG±DPRQJVWRWKHUWKLQJV±WRKDYHDDQGWKHDVOHIWKDQGFRO
ORFDWHVDQGRIDVDULJKWKDQGFROORFDWHS7KLVYLHZKDVPXFKLQ
FRPPRQZLWK WKHHPHUJHQWLVPRIXVDJHEDVHGPRGHOV %DUORZ	.HPPHU

+RH\¶VVXJJHVWLRQLVLPSRUWDQWEHFDXVHLWSURYLGHVDQH[SOLFLWDQGUHDGLO\
WHVWDEOHPRGHORIKRZIUHTXHQF\PLJKW UHODWH WRPHQWDO UHSUHVHQWDWLRQ7KH
DLPRIWKHSUHVHQWSDSHULVWRWHVWKLVWKHVLV,QWKHQH[WVHFWLRQWKHVWDWLVWLFDO
PHWKRGVZKLFKKDYHEHHQXVHG WRTXDQWLI\ IUHTXHQF\RIFROORFDWLRQZLOOEH
EULHÀ\UHYLHZHG7KHIROORZLQJVHFWLRQVWKHQFRQVLGHUKRZIUHTXHQF\UHODWHV
WRPHQWDOSULPLQJ,Q6HFWLRQWKHSULPLQJSDUDGLJPZLOOEHGHVFULEHGDQG
HYLGHQFHRI WKH UHODWLRQVKLSEHWZHHQ FRUSXV IUHTXHQF\ DQGSULPLQJZLOO EH
UHYLHZHG:HZLOOVHHWKDWWKHUHLVDWSUHVHQWOLWWOHHYLGHQFHIRUVXFKDOLQN,W
ZLOOEHDUJXHGWKDWDNH\LVVXHKHUHFRQFHUQVWKHIDLOXUHRISUHYLRXVVWXGLHVWR
XQWDQJOH KLJK IUHTXHQF\ RI FRRFFXUUHQFH IURP WKH UHODWHG SKHQRPHQRQ RI
SV\FKRORJLFDODVVRFLDWLRQ6HFWLRQZLOOWKHQGHVFULEHDVHULHVRIH[SHULPHQWV
AUTHOR’S COPY | AUTORENEXEMPLAR 
AUTHOR’S COPY | AUTORENEXEMPLAR 
$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
ZKLFK WHVW GLUHFWO\ WKH OLQN EHWZHHQ FRRFFXUUHQFH LQ D FRUSXV DQGPHQWDO
SULPLQJ
 )UHTXHQF\EDVHGPHDVXUHVRIVWUHQJWKRIFROORFDWLRQ
7KH VLPSOHVW IUHTXHQF\EDVHG PHWKRG RI HVWDEOLVKLQJ ZKHWKHU D SDUWLFXODU
ZRUGFRPELQDWLRQLVDFROORFDWLRQLVWRFRXQWWKHQXPEHURIWLPHVWKHFRPELQD
WLRQRFFXUV7KHSUREOHPZLWKWKLVLVWKDWXVLQJWKLVGH¿QLWLRQPDQ\RIWKH
VWURQJHVW FROORFDWLRQV LQDQ\FRUSXVZRXOG VLPSO\EH WKRVHPDGHXSRI WKH
PRVWIUHTXHQWZRUGVDPRQJVWWKHVWURQJHVWFROORFDWLRQVLQDQ\(QJOLVKFRU
SXVIRUH[DPSOHZRXOGEHDWKHRIDQGDQGWRZDV6XFKFRPELQDWLRQVDUH
IUHTXHQWQRWEHFDXVHWKHZRUGVVWDQGLQDQ\SDUWLFXODUO\LQWHUHVWLQJUHODWLRQ
VKLSWRHDFKRWKHUEXWVLPSO\EHFDXVHWKH\DUHVRFRPPRQWKDWWKHLUUHJXODU
FRLQFLGHQFHFRPHVDERXWE\FKDQFH0RUHRYHUWKHVLPSOHIUHTXHQF\EDVHG
DSSURDFKWRFROORFDWLRQDOVRPLVVHVZRUGSDLUVZKLFKZHPLJKWFRQVLGHUFRO
ORFDWLRQDOO\ LQWHUHVWLQJ VLQFH VWURQJO\ DVVRFLDWHG ZRUG SDLUV FRPSRVHG RI
ZRUGVZKLFKDUHLQGLYLGXDOO\UDUH]HURVXPJDPHDEMHFWSRYHUW\ZRXOGQRW
UHJLVWHUDWDOO&RUSXVOLQJXLVWVKDYHXVHGWZRPDLQW\SHVRIPHWKRGVWRLP
SURYHRQUDZIUHTXHQF\FRXQWVDV\PSWRWLFK\SRWKHVLVWHVWVDQGPXWXDOLQIRU
PDWLRQ7KHWZRDSSURDFKHVDUHFRQFHSWXDOO\GLIIHUHQWDQGW\SLFDOO\SURGXFH
UDWKHUGLIIHUHQWW\SHVRIUHVXOWV
7KH PDLQ K\SRWKHVLV WHVWLQJ PHWKRGV RI TXDQWLI\LQJ FROORFDWLRQ DUH WKH
]VFRUH WVFRUH FKLVTXDUHG DQG ORJOLNHOLKRRG WHVWV 7KHVH WHVW WKH QXOO
K\SRWKHVLV WKDW ZRUGV DSSHDU WRJHWKHU QR PRUH IUHTXHQWO\ WKDQ ZH ZRXOG
H[SHFW E\ FKDQFH DORQH 7KH\ FDQ WKHUHIRUH EH VHHQ DV IRUPDOLVDWLRQV RI
+RH\¶VGH¿QLWLRQRIFROORFDWLRQVDV³WKHUHODWLRQVKLSDOH[LFDOLWHP
KDVZLWKLWHPVWKDWDSSHDUZLWKJUHDWHUWKDQUDQGRPSUREDELOLW\LQLWVWH[WXDO
FRQWH[W´
7KH¿UVWVWHSLQHDFKRIWKHVHK\SRWKHVLVWHVWLQJPHWKRGVLVWRFDOFXODWHKRZ
PDQ\WLPHVZHZRXOGH[SHFWWR¿QGDZRUGSDLUWRJHWKHULQDFRUSXVRIDFHU
WDLQVL]HE\FKDQFHDORQHJLYHQWKHIUHTXHQFLHVRILWVFRPSRQHQWZRUGV7R
FDOFXODWHWKLVZH¿UVWGHWHUPLQHKRZSUREDEOHLWLVWKDWDQ\ZRUGSDLUFKRVHQ
DWUDQGRPIURPWKHFRUSXVZLOOEHWKHFRPELQDWLRQZHDUHVWXG\LQJ7KLVLV
FDOFXODWHGZLWKWKHIRUPXOD
3ZZ 3Z3Z
7KLVVWDWHVWKDWWKHSUREDELOLW\WKDWDQ\UDQGRPO\VHOHFWHGSDLURIZRUGVZLOO
EHWKHFRPELQDWLRQZZLVHTXDOWRWKHSUREDELOLW\RIZRFFXUULQJRQLWV
RZQPXOWLSOLHGE\WKHSUREDELOLW\RIZRFFXUULQJRQLWVRZQ)RUH[DPSOHWKH
ZRUGVWURQJDSSHDUVLQWKH%ULWLVK1DWLRQDO&RUSXV%1&WLPHVWKH
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 3'XUUDQWDQG$'RKHUW\
ZRUGWHDDSSHDUVWLPHV6LQFHWKH%1&KDVDWRWDORIZRUGV
ZHFDQFDOFXODWHWKHSUREDELOLWLHVRIRFFXUUHQFHRIHDFKDVIROORZV
3VWURQJ 100,467,090
15,768  
3WHD 100,467,090
8,030  
7KLVWHOOVXVWKDWLIZHVHOHFWDQ\ZRUGDWUDQGRPIURPWKH%1&WKHSURE
DELOLW\WKDWLWZLOOEHWKHZRUGVWURQJLVDQGWKHSUREDELOLW\WKDWLWZLOO
EH WHD LV :H FDQ WKHQ FRQFOXGH WKDW WKH SUREDELOLW\ WKDW DQ\ WZR
ZRUGVSLFNHGDWUDQGRPIURPWKH%1&ZLOOEHWKHSDLUVWURQJWHDLV
3VWURQJWHD  H
$OWKRXJKWKLVSUREDELOLW\LVYHU\ORZZHZRXOGVWLOOH[SHFWVWURQJDQGWHD
WRRFFXU WRJHWKHUVRPHWLPHV VLPSO\EHFDXVH WKHFRUSXV LV VR ODUJH ,Q IDFW
VWURQJWHDFDQEHSUHGLFWHGWRRFFXU
H WLPHV
6LQFHDFRUSXVVHDUFKVKRZV WKDW VWURQJ WHDDFWXDOO\RFFXUV WLPHVZH
FDQFRQFOXGH WKDW WKHSDLU FROORFDWHVPRUH IUHTXHQWO\ WKDQFKDQFH7KHDLP
RI WKHK\SRWKHVLV WHVWLQJPHWKRGV LV WRGHWHUPLQH WKHVWDWLVWLFDO VLJQL¿FDQFH
RIWKLVDSSDUHQWO\JUHDWHUWKDQFKDQFHIUHTXHQF\0DQQLQJDQG6FKW]H
± 7R WDNH WKH PRVW ZLGHO\XVHG H[DPSOH WVFRUH LV FDOFXODWHG DV
IROORZV
WVFRUH 
O
O E
ZKHUH2LVWKHREVHUYHGIUHTXHQF\RIRFFXUUHQFHRIWKHFROORFDWLRQDQG(LV
WKHH[SHFWHGIUHTXHQF\RIRFFXUUHQFHRQWKHQXOOK\SRWKHVLVWKDWWKHUHLVQR
UHODWLRQVKLSEHWZHHQWKHZRUGV7KXVIRUWKHSDLUVWURQJWHD
WVFRUH 
28
28 1.26  
6RPHFDXWLRQLVQHHGHGLQLQWHUSUHWLQJWKLVIRUPXODWLRQKRZHYHU7KHFDO
FXODWLRQRIH[SHFWHGRFFXUUHQFHLVEDVHGRQDPRGHOLQZKLFKZRUGVDUHGUDZQ
DVLIIURPDKDWHQWLUHO\DWUDQGRP$V0DQQLQJDQG6FKW]HQRWHKRZHYHU
ODQJXDJH LV IDUPRUH UHJXODU WKDQ D ³UDQGRPZRUG JHQHUDWRU´  
*UDPPDUVHPDQWLFVDQGUHDOZRUOGRFFXUUHQFHVDOOFRQVWUDLQWKHFRQVWUXFWLRQ
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
RIUHDOODQJXDJH,WLVWKHUHIRUHYHU\FRPPRQIRUZRUGSDLUVWRFRRFFXUµPRUH
IUHTXHQWO\ WKDQ UDQGRP¶ UHJDUGOHVV RI VSHFL¿FDOO\ FROORFDWLRQDO UHODWLRQV
*LYHQWKLVOHYHOVRIVWDWLVWLFDOVLJQL¿FDQFHDUHQRWXVXDOO\WKRXJKWWRFRQVWLWXWH
XVHIXOFXWRIISRLQWVLQLGHQWLI\LQJFROORFDWLRQV5DWKHUWKHVWDWLVWLFDOWHVWVDUH
XVHGWRUDQNZRUGSDLUVDFFRUGLQJWRWKHLUUHODWLYHOLNHOLKRRGRIEHLQJDFROOR
FDWLRQ6WXEEV0DQQLQJDQG6FKW]H
7KHVHFRQGPDLQPHWKRGIRUTXDQWLI\LQJFROORFDWLRQVLVWKHPXWXDOLQIRU
PDWLRQ0,VFRUHSURSRVHGE\&KXUFKDQG+DQNV7KLVFRPSDUHVWKH
REVHUYHGQXPEHURIRFFXUUHQFHVRIDZRUGSDLUZLWKLWVH[SHFWHGQXPEHURI
RFFXUUHQFHVDVIROORZV
0, ORJE
O
7KXVIRUVWURQJWHD
0, ORJ1.3
28  
0XWXDO LQIRUPDWLRQFDQEHFRQFHSWXDOLVHGDV D ³PHDVXUHRIKRZPXFKRQH
ZRUG WHOOV XV DERXW WKH RWKHU´ 0DQQLQJ DQG 6FKW]H   ,Q RWKHU
ZRUGVZKHQZHHQFRXQWHURQHSDUWRIDZRUGSDLUZKLFKKDVDKLJKPXWXDO
LQIRUPDWLRQVFRUHZHFDQSUHGLFWWKDWWKHRWKHUSDUWRIWKHSDLULVOLNHO\WREH
QHDUE\ 7KLV LV LPSRUWDQWO\ GLIIHUHQW IURP WKH K\SRWKHVLV WHVWLQJ PHWKRGV
&OHDU±VXPVXSWKHGLIIHUHQFHZHOOQRWLQJWKDWZKHUHDV³0,
LV DPHDVXUHRI WKH VWUHQJWKRIDVVRFLDWLRQEHWZHHQ WZRZRUGV´K\SRWKHVLV
WHVWLQJPHWKRGV DUHPHDVXUHV RI ³WKH FRQ¿GHQFH ZLWK ZKLFK ZH FDQ FODLP
WKHUHLVVRPHDVVRFLDWLRQ´RULJLQDOHPSKDVHV7KLVGLIIHUHQFHKDVLPSRUWDQW
LPSOLFDWLRQVIRUWKHW\SHVRIZRUGSDLUVUHWULHYHG&OHDUJLYHVWKHSDLUWDVWH
DUELWHUV DV D W\SLFDO H[DPSOH RI D FRPELQDWLRQ DWWDLQLQJ D KLJK0, VFRUH
7KRXJKWKHSDLULQJLVQRWSDUWLFXODUO\IUHTXHQWLWDFFRXQWVIRUDKLJKSURSRU
WLRQRIWKHRFFXUUHQFHVRILWVFRPSRQHQWZRUGV,QIDFW&OHDUUHSRUWVWKDWRQH
TXDUWHURIDOODSSHDUDQFHVRIDUELWHUVDUHZLWKLQWZRZRUGVRIDQDSSHDUDQFHRI
WDVWH7KHWZRDUHVWURQJO\DVVRFLDWHGWKHQLQWKDWZKHUHZH¿QGDUELWHUVZH
KDYHDJRRGFKDQFHRI¿QGLQJWDVWH+RZHYHULWVUHODWLYHO\ORZIUHTXHQF\RI
RFFXUUHQFHUHGXFHVWKHVWDWLVWLFDOUHOLDELOLW\RIWKLVSDWWHUQ±LHZHFDQQRWEH
FRQ¿GHQW WKDW WKHUHODWLRQVKLSZLOOEHJHQHUDOLVDEOH WRRWKHUVDPSOHVRI ODQ
JXDJH$ W\SLFDO H[DPSOH RI D SDLUZLWK D KLJK VFRUH RQ K\SRWKHVLV WHVWLQJ
PHWKRGVRQWKHRWKHUKDQGLVWDVWHIRU:KLOHWKHDVVRFLDWLRQEHWZHHQWKHVH
ZRUGV LVPXFKZHDNHU WKDQ WKDWEHWZHHQ WDVWHDQGDUELWHUV WKHSDLURFFXUV
ZLWKPXFKKLJKHUIUHTXHQF\7KHFRQQHFWLRQWKRXJKZHDNHULVWKHUHIRUHPRUH
UHOLDEOH
,WKDVEHHQDFNQRZOHGJHG LQ WKH OLWHUDWXUH WKDWERWKRI WKHVHPHDVXUHVRI
FROORFDWLRQDUHµQRQGLUHFWLRQDO¶LQWKHVHQVHWKDWLWPDNHVQRGLIIHUHQFHZKLFK
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 3'XUUDQWDQG$'RKHUW\
PHPEHURI WKHSDLU LV WDNHQDVQRGHDQGZKLFKDVFROORFDWH6WXEEV
&OHDUO\KRZHYHUDUELWHUVSUHGLFWV WDVWHPXFKPRUH UHOLDEO\ WKDQ WDVWHSUH
GLFWVDUELWHUV:KHQRXUDLP LV WRGHWHUPLQHKRZUHOLDEO\RQHZRUGSULPHV
DQRWKHUVXFKGLUHFWLRQDOLW\EHFRPHVLPSRUWDQW)RUWKLVUHDVRQGLUHFWLRQDODV
VRFLDWLRQPHDVXUHVVXFKDVWKDWVXJJHVWHGE\+DQGOPD\EHPRUHDF
FXUDWHSUHGLFWRUVRISULPLQJ+RZHYHUVXFKPHDVXUHVKDYHQRWEHHQZLGHO\
DGRSWHGLQFRUSXVOLQJXLVWLFVDQGVLQFHRXUSUHVHQWDLPLVWRGHWHUPLQHKRZ
ZHOO WKH FRPPRQO\XVHG PHDVXUHV RI FRUSXV OLQJXLVWV SUHGLFW SULPLQJ ZH
ZLOOQRWXVHGLUHFWLRQDOPHDVXUHVKHUH,QWKHQH[WVHFWLRQZHUHYLHZWKHHYL
GHQFHUHJDUGLQJKRZZHOOWUDGLWLRQDOQRQGLUHFWLRQDOPHDVXUHVSUHGLFWPHQWDO
SULPLQJ
 (YLGHQFHRQFROORFDWLRQDOSULPLQJ
3ULPLQJKDVEHHQUHVHDUFKHGIRUVHYHUDOGHFDGHVDQGPXFKLVNQRZQDERXW
LWVZRUNLQJV3ULPLQJKDVEHHQVKRZQWRH[LVWEHWZHHQZRUGVZLWKVLPLODURU
WKRJUDSKLHV DQGSKRQRORJLHV EHWZHHQZRUGVZKLFKDUH UHODWHG LQPHDQLQJ
DQGEHWZHHQV\QWDFWLFDOO\FRQJUXRXVZRUGVHJGHWHUPLQHU±QRXQ%DORWD
±3ULPLQJLVXVXDOO\LQYHVWLJDWHGE\VRPHYDULDWLRQRIWKHWZR
VWDJHWDVNGHVFULEHGE\1HHO\¿UVWWKHLQIRUPDQWLVSUHVHQWHGZLWK
DVLQJOHZRUGWKHSULPHWRZKLFKWKH\DUHQRWUHTXLUHGWRPDNHDQ\RYHUW
UHVSRQVH6HFRQGWKH\DUHSUHVHQWHGZLWKDOHWWHUVWULQJZKLFKPD\RUPD\QRW
EHD UHDOZRUG WKH WDUJHW DQGDUH UHTXLUHG WR UHVSRQGHLWKHUE\PDNLQJD
ZRUG/QRQZRUGGHFLVLRQWKHµOH[LFDOGHFLVLRQWDVN¶RUµ/'7¶RUE\VD\LQJWKH
WDUJHWDORXGWKHµQDPLQJWDVN¶:KHQWKHWDUJHWLVDZRUGLWLVHLWKHUUHODWHG
RUXQUHODWHGWRWKHSULPH:KHQUHDFWLRQWLPHVRUSHUFHQWDJHHUURUVDUHVLJQL¿
FDQWO\ORZHUIRUWKHWDUJHWZRUGIROORZLQJSUHVHQWDWLRQRIWKHSULPHWKHODWWHU
LVVDLGWRSULPHWKHIRUPHU3ULPLQJHIIHFWVDUHDVVXPHGWRUHÀHFWWKHVWUXFWXUH
RIWKHPHQWDOOH[LFRQ:KHUHDSULPLQJHIIHFWRFFXUVEHWZHHQWZRZRUGVWKLV
LVFRQVLGHUHGHYLGHQFHWKDWWKHUHLVDVWUXFWXUDOFRQQHFWLRQEHWZHHQWKHP
0XFKZRUNKDVEHHQFRQFHUQHGZLWKVHSDUDWLQJWKHHIIHFWVRIVHPDQWLFUHOD
WLRQVWKHUHODWLRQVIRXQGEHWZHHQIRUH[DPSOHFDWHJRULHVDQGWKHLUH[HPSODUV
FRK\SRQ\PVRUZRUGVZLWKIHDWXUDOVLPLODULWLHVEHWZHHQWKHLUFRQFHSWVIURP
WKHHIIHFWVRIµDVVRFLDWLYH¶UHODWLRQVVHH/XFDV+XWFKLVRQIRUUH
YLHZV$VVRFLDWLRQLVWKHUHODWLRQVKLSEHWZHHQDZRUGDQGRWKHUZRUGVZKLFK
LWµEULQJVWRPLQG¶7KLVLVW\SLFDOO\HYLGHQFHGE\VWXGLHVLQZKLFKODUJHQXP
EHUVRIVXEMHFWVDUHJLYHQDSURPSWZRUGDQGDVNHGWRUHVSRQGZLWKWKH¿UVW
RWKHUZRUGWKDWFRPHVWRPLQG5HVXOWVIURPVXFKVWXGLHVDUHDYDLODEOHDVOLVW
LQJVRIµQRUPDWLYH¶DVVRFLDWLRQVHJKWWS//ZZZHDWUODFXN/!
7KHSULPDU\DLPRIWKLVZRUNKDVEHHQWRGLVWLQJXLVKEHWZHHQPRGHOVRIWKH
PHQWDOOH[LFRQLQZKLFKZRUGIRUPDQGZRUGPHDQLQJDUHLQWHJUDWHGVXFKWKDW
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
SXUHO\ VHPDQWLF LQIRUPDWLRQ FDQ LQÀXHQFHZRUG UHFRJQLWLRQ DQGPRGHOV LQ
ZKLFKWKHWZRW\SHVRILQIRUPDWLRQDUHVWULFWO\VHSDUDWHGVXFKWKDWVHPDQWLF
LQIRUPDWLRQFDQQRW IHHGEDFN WRDLG UHFRJQLWLRQRI IRUP7KHIRUPHUPRGHO
SUHGLFWVWKDWSXUHVHPDQWLFSULPLQJLVSRVVLEOHWKHODWWHUSUHGLFWVWKDWLWLVQRW
/XFDV±)RUSUHVHQWSXUSRVHVKRZHYHUWKHLVVXHRIVHPDQWLF
YVDVVRFLDWLYHSULPLQJLVRILQWHUHVWEHFDXVHLWKDVEHHQFODLPHGWKDWDVVRFLD
WLYH SULPLQJPD\ EH D SURGXFW RI WKH IUHTXHQW FRRFFXUUHQFH RI DVVRFLDWHG
LWHPVLQWH[W&KDUOHVDQG0LOOHU
,IWKLVZHUHULJKWWKHQWKHH[LVWLQJHYLGHQFHIRUDVVRFLDWLRQSULPLQJZRXOG
FRQVWLWXWHGLUHFWH[SHULPHQWDOVXSSRUWIRU+RH\¶VFROORFDWLRQDOSULPLQJWKHVLV
+RZHYHUWKRXJKFROORFDWLRQDQGDVVRFLDWLRQDUHNQRZQWREHOLQNHGWKH\DUH
IDUIURPLGHQWLFDOQRWDOOFROORFDWLRQVDUHDVVRFLDWHVDQGQRWDOODVVRFLDWHVDUH
FROORFDWLRQV)LW]SDWULFN5HDQDO\VLVRIWKHSULPHWDUJHWSDLUVXVHGLQ
VWXGLHVRIDVVRFLDWLYHSULPLQJFRQ¿UPVWKHGLVWLQFWLRQ,Q6KHOWRQDQG0DUWLQ¶V
LQÀXHQWLDOVWXG\IRUH[DPSOHSDLUVLQWKHµDVVRFLDWHG¶FRQGLWLRQKDYHD
ZLGH UDQJHRI0,VFRUHV IURP WKHYHU\ ORZ PLQ  WR WKHPRGHUDWHO\
KLJKPD[ ZLWKDPHGLDQVFRUHZKLFKLVDERYHWKHWUDGLWLRQDOFXWRII
SRLQW RI  EXW RQO\PRGHVWO\ VR 0GQ 7KH VDPH UHPDUNV DSSO\ WR
RWKHUPHDVXUHVRIFROORFDWLRQDOVLJQL¿FDQFHWVFRUHPLQ PD[ 
0GQ 
$SDUWLFXODUSUREOHPZLWKXVLQJGDWDRQDVVRFLDWLRQSULPLQJDVHYLGHQFHIRU
FROORFDWLRQDOSULPLQJLVWKDWWKRVHFROORFDWLRQVZKLFKDSSHDUSURPLQHQWO\RQ
DVVRFLDWLRQQRUPVDUHOLNHO\WREHHVSHFLDOO\VDOLHQWLQDZD\WKDWRWKHUFROORFD
WLRQVDUHQRW(YHQLIDQDVVRFLDWLYHSULPLQJVWXG\ZHUHEDVHGHQWLUHO\RQFRO
ORFDWLQJLWHPVWKHUHIRUHWKHUHVXOWVPD\EHJHQHUDOLVDEOHRQO\WRWKHPRVWVD
OLHQWRIFROORFDWLRQV,IWKLVLVWKHFDVHSULPLQJPD\QRWEHDVXLWDEOHSDUDGLJP
IRUXQGHUVWDQGLQJFROORFDWLRQLQJHQHUDO6WXGLHVRIDVVRFLDWLYHSULPLQJFDQ
QRWWKHUHIRUHSURYLGHDGHTXDWHVXSSRUWIRUWKHWKHVLVRIFROORFDWLRQDOSULPLQJ
7KHUHDUHRQO\DKDQGIXORIVWXGLHVZKLFKKDYHDLPHGVSHFL¿FDOO\WRVWXG\
FROORFDWLRQDOSULPLQJ+RGJVRQIRXQGSULPLQJIRUµSKUDVDODVVRFLDWHV¶
HJ µSULYDWHSURSHUW\¶ µYDFDQWEXLOGLQJ¶ µDUPFKDLU¶ LQ D OH[LFDO GHFLVLRQ
WDVNEXWQRWLQDQDPLQJWDVN+RZHYHUVLQFHKHGRHVQRWJLYHDQ\LQIRUPDWLRQ
UHJDUGLQJKRZKLVWHVWLWHPVZHUHLGHQWL¿HGDVSKUDVHVDQGLQSDUWLFXODUGRHV
QRWSURYLGHDQ\IUHTXHQF\GDWDIRUWKHLWHPVKLVUHVXOWVKDYHOLWWOHWRWHOOXV
DERXWWKHUHODWLRQVKLSEHWZHHQKLJKIUHTXHQF\FROORFDWLRQDQGSULPLQJ0RUH
RYHUDV+XWFKLVRQSRLQWVRXW+RGJVRQFRPELQHVKLVUHVXOWVIRU
SKUDVDO DVVRFLDWHVZLWK WKRVH IURP¿YH RWKHU W\SHV RI UHODWLRQV V\QRQ\PV
DQWRQ\PV FRQFHSWXDO DVVRFLDWHV FRRUGLQDWHV DQG VXSHU/VXERUGLQDWHV UH
SRUWLQJRQO\WKHRYHUDOOSULPLQJHIIHFWVIRUDOOVL[W\SHVRISDLUVDQGQRWWKH
VLJQL¿FDQFHRIHDFKW\SHDORQH(YHQLIFRUSXVGDWDZHUHDYDLODEOHWKHUHIRUH
WKHVWXG\ZRXOGQRWEHDEOHWRWHOOXVDERXWWKHHIIHFWVRIFROORFDWLRQDOSULPLQJ
DORQH
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 3'XUUDQWDQG$'RKHUW\
:LOOLDPV¿QGVVLJQL¿FDQWSULPLQJIRUZRUGSDLUVZKLFKZHUHJUDGHG
E\QDWLYHVSHDNHULQIRUPDQWVDVµKLJKO\IDPLOLDU¶LQFRQMXQFWLYHSKUDVHVLH
µ;DQG<¶$VLQWKH+RGJVRQVWXG\KRZHYHULQVXI¿FLHQWIUHTXHQF\GDWDLV
SURYLGHGIRUWKHQDWXUHRIDQ\OLQNEHWZHHQFRUSXVDQGSULPLQJWREHVWDWHG
7KRXJK:LOOLDPVUHSRUWVDSRVWKRFIUHTXHQF\DQDO\VLVRIKLVLWHPVXVLQJWKH
RQHPLOOLRQZRUG/DQFDVWHU2VOR/ %HUJHQFRUSXVKHLVRQO\DEOHWRWHOOXVWKDW
WKHSDLUVZHUHIRXQGLQWKHVDPHVHQWHQFHRQDYHUDJHWLPHVUDQJH ௘±
DQGZLWKLQDVSDQRI/íRQDYHUDJHWLPHVUDQJH ௘±௘7KHVPDOO
VL]HRIWKHFRUSXVHPSOR\HGDQGWKHYDULDELOLW\RIWKHUHVXOWVZLWKVRPHµFRO
ORFDWLRQV¶QRWEHLQJDWWHVWHGWRJHWKHUDWDOOPHDQWKDW LW LVDJDLQGLI¿FXOW WR
GUDZDQ\VWURQJFRQFOXVLRQVUHJDUGLQJWKHHIIHFWVRIIUHTXHQWFRRFFXUUHQFH
0RUHRYHUDOORI:LOOLDPV¶FROORFDWLRQVZHUHDWWHVWHGWREHVWURQJDVVRFLDWHV,W
LV WKHUHIRUH SRVVLEOH WKDW WKH SULPLQJ IRXQG LV OLPLWHG WR WKRVH FROORFDWLRQV
ZKLFKDUHVXI¿FLHQWO\VDOLHQWWREHQRUPDWLYHDVVRFLDWHV$SRWHQWLDOO\KHOSIXO
UHVXOWLQWKLVFRQWH[WZDVWKH¿QGLQJWKDWDVVRFLDWHVWKDWZHUHSRVLWHGWREHFRO
ORFDWLRQVSURGXFHGDJUHDWHUSULPLQJHIIHFWPVWKDQGLGDVVRFLDWHVZKLFK
ZHUHQRW FROORFDWLRQV PVKLQWLQJDW DQ LQGHSHQGHQW HIIHFWRI FROORFDWLRQ
RYHUDQGDERYHWKDWRIDVVRFLDWLRQDORQH+RZHYHUWKHGLIIHUHQFHEHWZHHQWKH
WZRVHWVWKRXJKODUJHZDVQRWVLJQL¿FDQW7KLVZDVEHFDXVHZKHUHDVWKHHLJKW
PRVW VWURQJO\ DVVRFLDWHG FROORFDWLRQVSURGXFHGYHU\ VWURQJSULPLQJ HIIHFWV
WKH RWKHU HLJKW DVVRFLDWHV VKRZHG PLQLPDO HIIHFWV :LOOLDPV VXJJHVWV WKDW
SULPLQJPD\EHREWDLQDEOHRQO\IRUWKRVHFROORFDWHVZLWK³WKHKLJKHVWSV\FKR
ORJLFDOVDOLHQFH´:LOOLDPV&RQFOXGLQJWKDWFROORFDWHVZKLFKDUH
VXI¿FLHQWO\ SV\FKRORJLFDOO\ VDOLHQW WR SURGXFHSULPLQJ DUH OLNHO\ DOVR WR EH
VWURQJQRUPDWLYHDVVRFLDWHVKHDEDQGRQVDQ\DWWHPSWWRVHSDUDWHWKHWZRHI
IHFWV
8QOLNH+RGJVRQDQG:LOOLDPV0F.RRQDQG5DWFOLII([SHULPHQW
XVHGFRUSXVGHULYHGIUHTXHQF\GDWDLQFRPSLOLQJFROORFDWLRQVIRUWKHLUSULPLQJ
H[SHULPHQW7KH\FRPSDUHGSULPLQJEHWZHHQDVVRFLDWHGSULPHVZLWKWKDWEH
WZHHQFROORFDWLQJSDLUV&ROORFDWLRQVZHUHLGHQWL¿HGDVVXFKRQWKHEDVLVRI0,
VFRUHVFDOFXODWHGIURPIUHTXHQFLHVRIRFFXUUHQFHLQDPLOOLRQZRUG$3QHZV
ZLUHFRUSXV0F.RRQDQG5DWFOLIIDOVRFRQVLGHUHGWKHSULPLQJHIIHFWVRIFRO
ORFDWLRQVZLWKORZ0,VFRUHV7KHVWXG\IRXQGWKDWWKHJUHDWHVWIDFLOLWDWLRQLQ
FRPSDULVRQZLWKDQXQUHODWHGSULPHZDVEHWZHHQDVVRFLDWHGSULPHVPV
VLJQL¿FDQWSULPLQJZDVDOVRIRXQGLQWKHFROORFDWLQJFRQGLWLRQPVFROOR
FDWLRQVZLWKORZ0,DOVRVSHHGHGUHFRJQLWLRQPVWKRXJKWKLVLPSURYHPHQW
RQWKHXQUHODWHGFRQGLWLRQZDVQRWVLJQL¿FDQW
:KLOHDFNQRZOHGJLQJWKDWWKHVPDOOVL]HRIWKHLUFRUSXVPXVWEULQJWKHUHOL
DELOLW\RIWKHLU¿QGLQJVLQWRVRPHGRXEW0F.RRQDQG5DWFOLII
WHQWDWLYHO\FRQFOXGHWKDW³FRRFFXUUHQFHVWDWLVWLFVFDOFXODWHGIURPODUJHFRU
SRUDKDYHSRWHQWLDODSSOLFDELOLW\DVSUHGLFWRUVRISULPLQJHIIHFWV´+RZHYHUD
UHHYDOXDWLRQRIWKHLUµKLJK¶0,FROORFDWLRQVDJDLQVWGDWDIURPWKH%ULWLVK1D
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
WLRQDO&RUSXVFRQ¿UPVWKHLUZRUULHVUHJDUGLQJUHOLDELOLW\,QGHHGWKHFROORFD
WLRQVLQWKLVVWXG\DUHQRVWURQJHUDQGLIDQ\WKLQJUDWKHUZHDNHUWKDQWKRVH
IRXQGLQ6KHOWRQDQG0DUWLQ¶VVWXG\0,PLQ íPD[ 0GQ 
WVFRUHPLQ íPD[ 0GQ 0RUHRYHU DV LQ:LOOLDPV¶
VWXG\PDQ\ZRUGSDLUVXVHGLQ0F.RRQDQG5DWFOLII¶VFROORFDWLQJFRQGLWLRQ
ZHUH ± DV WKH DXWKRUV DFNQRZOHGJH ± DOVR VWURQJ DVVRFLDWHV RI WKH WDUJHWV
$JDLQWKHQLWLVQRWFOHDUZKHWKHUWKHSULPLQJHIIHFWVIRXQGDUHDWWULEXWDEOHWR
FROORFDWLRQVLQJHQHUDORUDUHUHVWULFWHGWRQRUPDWLYHDVVRFLDWHV
0RUHUHFHQWO\(OOLVHWDOKDYHVWXGLHGWKHLQÀXHQFHRIERWKIUHTXHQF\
RIRFFXUUHQFHDQGPXWXDOLQIRUPDWLRQVFRUHRQSULPLQJIRUWKH¿QDOZRUGRI
DQGZRUGVHTXHQFHV3DUWLFLSDQWVZHUHEULHÀ\VKRZQHLWKHUDQLQFRP
SOHWHSKUDVHRUDVHULHVRI µ;¶V7KLVZDV WKHQ UHSODFHGZLWKDVLQJOHZRUG
ZKLFKWKH\ZHUHWROGWRSURQRXQFHLQWRDPLFURSKRQHDVTXLFNO\DVSRVVLEOH
:KHUHWKHZRUGZDVWKHFRPSOHWLRQRIWKHSUHFHGLQJSDUWSKUDVHVSHHGRIUH
VSRQVHDPRQJVWQDWLYHVSHDNHUVZDVVKRZQLQDPXOWLSOHUHJUHVVLRQWREHSUH
GLFWHGE\0,VFRUHȕ í௘ WKRXJKQRWE\IUHTXHQF\7KHVDPHH[SHUL
PHQW SHUIRUPHGZLWK QRQQDWLYH VSHDNHUV VKRZHG QR SULPLQJ HIIHFWV 7KLV
VWXG\SURYLGHVDQLQWHUHVWLQJH[WHQVLRQWRSUHYLRXVUHVXOWVE\VWXG\LQJORQJHU
FROORFDWLRQV DQG E\ VHSDUDWLQJ RXW WKH LQÀXHQFHV RI IUHTXHQF\ DQGPXWXDO
LQIRUPDWLRQ VFRUHV+RZHYHU DVZLWK5DWFOLII DQG0DF.RRQ¶V VWXG\QRDW
WHPSWLVPDGHWRVHSDUDWHFROORFDWLRQDOSULPLQJIURPWKHZHOONQRZQHIIHFWRI
DVVRFLDWLRQ
)LQDOO\(OOLVHWDO([SHULPHQWXVHGDOH[LFDOGHFLVLRQWDVNWRGH
WHUPLQH ZKHWKHU KLJK IUHTXHQF\ DGYHUEDGMHFWLYH DQG YHUEREMHFW SDLUV
ZHUHUHFRJQLVHGPRUHTXLFNO\WKDQORZHUIUHTXHQF\SDLULQJV7KH\IRXQGWKDW
UHFRJQLWLRQWLPHVZHUHQHJDWLYHO\FRUUHODWHGZLWKWKHIUHTXHQF\RIWKHZRUG
SDLUVVXJJHVWLQJDSURFHVVLQJDGYDQWDJHIRUFROORFDWLRQV7KH\DUJXHRQWKLV
EDVLVWKDWWKHVRFDOOHGµVHPDQWLFSULPLQJ¶VHHQEHWZHHQDVVRFLDWHGSDLUVLVLQ
IDFWGXHWRFROORFDWLRQDODVVRFLDWLRQ+RZHYHUDVZHKDYHDOUHDG\VHHQFRO
ORFDWLRQVDQGVHPDQWLFDVVRFLDWHVDUHRQO\SDUWLDOO\RYHUODSSLQJVHWV$VLQWKH
RWKHU VWXGLHV GLVFXVVHG KHUH QR DWWHPSW LVPDGH WR VHSDUDWH RXW DVVRFLDWHG
IURPQRQDVVRFLDWHGFROORFDWLRQVLQWKHVWLPXOXVLWHPVVRLWLVQRWFOHDUWKDW
WKHLULQIHUHQFHIURPRQHWRWKHRWKHULVOHJLWLPDWH
,QVXPZKLOHVRPHSV\FKROLQJXLVWVKDYHVXJJHVWHGWKDWFROORFDWLRQDOSULP
LQJH[LVWVZHGRQRW\HWKDYHDFOHDUSLFWXUHRIWKHSKHQRPHQRQ0RVWSUHYLRXV
VWXGLHVKDYHQRWSURYLGHGVXI¿FLHQWO\UREXVW IUHTXHQF\GDWD WRHYDOXDWHDQ\
FODLPRIDOLQNEHWZHHQSULPLQJDQGIUHTXHQF\RIRFFXUUHQFHLQDFRUSXV7KH
IHZVWXGLHVZKLFKKDYHSURYLGHGVXFKLQIRUPDWLRQVXJJHVWWKDWKLJKIUHTXHQF\
FROORFDWLRQVDUHSV\FKRORJLFDOO\UHDO+RZHYHUWKHVHUHVXOWVUHTXLUHEURDGHU
FRQ¿UPDWLRQ0RUHRYHUSUHYLRXVVWXGLHVKDYHPDGHQRDWWHPSWWRGLVWLQJXLVK
WKHHIIHFWRIFROORFDWLRQ IURP WKDWRISV\FKRORJLFDODVVRFLDWLRQ7KHVWXGLHV
SUHVHQWHGKHUHDLPWRPDNHXSIRUWKHVHVKRUWFRPLQJVE\H[SORULQJWKHH[WHQW
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 3'XUUDQWDQG$'RKHUW\
WRZKLFKKLJKIUHTXHQF\FROORFDWLRQVLGHQWL¿HGLQWKH%ULWLVK1DWLRQDO&RUSXV
DUHUHÀHFWHGLQWKHSULPLQJRIQDWLYHVSHDNHUVRI%ULWLVK(QJOLVKUHJDUGOHVVRI
ZKHWKHUWKH\DUHVWURQJQRUPDWLYHDVVRFLDWHV
 3ULPLQJVWXGLHV
 ,QWURGXFWLRQ
:HKDYHDUJXHGWKDWLWLVLPSRUWDQWWRVWXG\HPSLULFDOO\WKHUHODWLRQVKLSEH
WZHHQWKHIUHTXHQF\RIRFFXUUHQFHRIFROORFDWLRQVLQDFRUSXVDQGWKHLUUHS
UHVHQWDWLRQLQWKHPLQGVRISUR¿FLHQWVSHDNHUV:HKDYHDOVRQRWHGWKDW+RH\¶V
 WKHRU\RIFROORFDWLRQDOSULPLQJRIIHUVDQH[SOLFLWDQG WHVWDEOHPRGHO
RI WKLV UHODWLRQVKLS +RZHYHU ZH KDYH VHHQ WKDW WKH H[LVWLQJ H[SHULPHQWDO
OLWHUDWXUHGRHVQRWSURYLGHVXI¿FLHQWHYLGHQFHWRVXSSRUW+RH\¶VWKHRU\IXOO\
7KRXJKWKHUHLVJRRGHYLGHQFHIRUSULPLQJEHWZHHQFROORFDWLRQVZKLFKDOVR
DSSHDURQOLVWVRIZRUGDVVRFLDWLRQVLWLVQRWFOHDUZKHWKHUWKLVHIIHFWFDQEH
JHQHUDOLVHGWRKLJKIUHTXHQF\FROORFDWLRQVDVDZKROHRUZKHWKHULWLVUHVWULFWHG
WRWKHVHVSHFLDOO\VDOLHQWLWHPV7KHSUHVHQWH[SHULPHQWVDLPWRWHVWWKLV
 ([SHULPHQW2QH
 ,QWURGXFWLRQ
7KH ¿UVW H[SHULPHQW XVHV D OH[LFDO GHFLVLRQ WDVN RI WKH VRUW GHVFULEHG E\
1HHO\VHH6HFWLRQDERYHWRGHWHUPLQHZKHWKHUSULPLQJFDQUHOLDEO\
EH IRXQGEHWZHHQKLJKIUHTXHQF\FROORFDWLRQVDQGZKHWKHUDQ\VXFKHIIHFW
LV LQGHSHQGHQWRIZKHWKHUFROORFDWLRQVDUHSV\FKRORJLFDODVVRFLDWHV3DUWLFL
SDQWVDUHEULHÀ\VKRZQDSULPHZRUGIROORZHGE\DVHFRQGOHWWHUVWULQJZKLFK
HLWKHU LVRU LVQRWDUHDOZRUGLQ(QJOLVK7KHLU WDVN LV WRGHFLGHDVTXLFNO\
DVSRVVLEOHZKHWKHUWKHVHFRQGVWULQJLVDUHDOZRUGDQGWRLQGLFDWHWKHLUGH
FLVLRQE\SUHVVLQJRQHRIWZREXWWRQV:KHQWKHVWULQJLVDZRUGLWLVDFFRUG
LQJWRFRUSXVGDWDHLWKHUDFROORFDWHRIWKHSULPHZRUGRUDZRUGZKLFKLVQRW
DWWHVWHGIROORZLQJWKHSULPHLQWKHFRUSXV&ROORFDWLRQDOSULPLQJZLOOEHLQGL
FDWHGLISDUWLFLSDQWVUHVSRQGPRUHUDSLGO\ WRFROORFDWH WKDQWRQRQFROORFDWH
WDUJHWV
2XUXVHRIZRUGVZKLFKDUHQRWDWWHVWHGIROORZLQJWKHSULPHDVFRQWUROLWHPV
UHTXLUHVVRPHH[SODQDWLRQ7KLVVSHFL¿FDWLRQOHDGVWRFRPSDULVRQVVXFKDV
SDULVKFKXUFKFROORFDWLRQ YV IHDWXUHFKXUFKFRQWURO
VSRNHQZRUGFROORFDWLRQ YV ORZHUZRUGFRQWURO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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
,QVXFKFRPSDULVRQVWKHFRQWUDVWLVQRWVLPSO\EHWZHHQKLJKIUHTXHQF\FRO
ORFDWLRQVDQGORZIUHTXHQF\SDLULQJVEXWEHWZHHQKLJKIUHTXHQF\FROORFDWLRQV
DQGZRUG SDLUVZKLFK DUH UDWKHU GLI¿FXOW WRPDNH VHQVH RI VHPDQWLFDOO\ ,W
PLJKWEHIHOWWKHUHIRUHWKDWDPRUHPHDQLQJIXOFRQWUROJURXSZRXOGEHLWHPV
ZKLFKDUHDWWHVWHGLQFRUSRUDEXWZLWKLQVXI¿FLHQWIUHTXHQF\WRTXDOLI\DVFRO
ORFDWLRQVHJELJJHVWFKXUFKVWXSLGZRUG࣠࣠+RZHYHUSLORWLQJVXJJHVWHGWKDW
VXFK LWHPVPDGHSRRUFRQWUROV IRU VWXG\LQJSULPLQJ VLQFH WKHZHOODWWHVWHG
SKHQRPHQRQRISULPLQJEHWZHHQDVVRFLDWHVZDVQRWGHWHFWDEOHLQFRPSDULVRQ
ZLWKVXFKFRQWUROV$VHDUFKRIWKHOLWHUDWXUHDOVRLQGLFDWHGWKDWSUHYLRXVHYL
GHQFHIRUSULPLQJEHWZHHQDVVRFLDWHGZRUGVDSSHDUVWRKDYHEHHQEDVHGHQ
WLUHO\RQFRPSDULVRQVRIDVVRFLDWHVZLWKµLQFRQJUXRXV¶ZRUGSDLUV$OORIWKH
DVVRFLDWLYHSULPLQJVWXGLHVZLWKZKLFKZHDUHIDPLOLDUDQGZKLFKUHSRUWWKHLU
PHWKRGRIFUHDWLQJµXQUHODWHGSDLUV¶KDYHIROORZHGWKHOHDGRI0H\HUDQG6FK
YDQHYHQGOW¶VRULJLQDOSDSHUE\LQWHUFKDQJLQJZRUGVIURPWKHDVVRFLDWHG
LWHPVVXFKWKDWWKHUHDUH³QRREYLRXVDVVRFLDWLRQVZLWKLQWKHUHVXOWLQJSDLUV´
0RVWVWXGLHVGRQRWOLVWWKHLWHPVXVHGLQWKHFRQWUROFRQGLWLRQ
EXW0H\HU DQG 6FKYDQHYHOGW SURYLGH WKH LOOXVWUDWLYH H[DPSOHV RI %5($'
%877(5DQG'2&7251856(EHLQJUHSDLUHGDV%5($''2&725DQG
1856(%877(5
6LQFHVXFKDVWURQJDQGZHOODWWHVWHGSKHQRPHQRQDVDVVRFLDWLYHSULPLQJ
FRXOGQRWEHHYLGHQFHG LQFRPSDULVRQZLWKVXFKFRQWUROV LWZDVGHFLGHG WR
IROORZWKHFRPPRQSUDFWLFHRIXVLQJQRQDWWHVWHGSDLUVRIWKHVRUWH[HPSOL¿HG
DERYH$GLVDGYDQWDJHRIWKLVDSSURDFKLVWKDWLWUDLVHVWKHSRVVLELOLW\WKDWDQ\
SULPLQJHIIHFWPD\EHWKHUHVXOWRIDGLIIHUHQFHLQUHDFWLRQWRPHDQLQJIXOYV
LQFRQJUXRXVZRUGSDLUVUDWKHUWKDQRIDQ\VSHFL¿FDOO\FROORFDWLRQDOSULPLQJ
HIIHFW7RFRXQWHUWKLVSRVVLELOLW\WKHLQFRQJUXRXVFRQWUROSDLUVZHUHFRPSDUHG
QRWRQO\ZLWKFROORFDWLRQVEXWDOVRZLWKDWWHVWHGEXWORZIUHTXHQF\FRPELQD
WLRQV,ISULPLQJLVWKHUHVXOWRIDFRQWUDVWEHWZHHQVHPDQWLFDOO\FRQJUXRXVDQG
LQFRQJUXRXVSDLUVLWVKRXOGDOVREHYLVLEOHLQWKHVHFRPSDULVRQV
7KHH[SHULPHQWDOSDLULQJVDUHRIIRXUW\SHV
 /RZIUHTXHQF\FRPELQDWLRQVZRUGFRPELQDWLRQVZKLFKDSSHDULQWKHFRU
SXVEXWDUHQRWVXI¿FLHQWO\IUHTXHQWWRFRXQWDVFROORFDWLRQV
 0RGHUDWH FROORFDWLRQVPRGHUDWHO\ IUHTXHQW FROORFDWLRQVZKLFK DUH QRW
VWURQJDVVRFLDWHV
 )UHTXHQW FROORFDWLRQV YHU\ IUHTXHQW FROORFDWLRQVZKLFK DUH QRW VWURQJ
DVVRFLDWHV
 $VVRFLDWHG IUHTXHQW FROORFDWLRQV YHU\ IUHTXHQW FROORFDWLRQV ZKLFK DUH
VWURQJDVVRFLDWHV
$V GLVFXVVHG DERYH WKH ORZIUHTXHQF\ FRPELQDWLRQVZHUH LQFOXGHG DV D
FRQWUROFRQGLWLRQWRFKHFNZKHWKHUDQ\SULPLQJH[KLELWHGIRUFROORFDWLRQVZDV
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DOVRWUXHRIFRQJUXRXVZRUGFRPELQDWLRQVLQJHQHUDO0RGHUDWHDQGIUHTXHQW
FROORFDWLRQV DUH VHSDUDWHG LQRUGHU WR WHVWZKHWKHU DQ\SULPLQJHIIHFW LV UH
VWULFWHGWRWKHPRVWIUHTXHQWFROORFDWLRQV7KHVHWRIDVVRFLDWHGIUHTXHQWFRO
ORFDWLRQVLVLQFOXGHGWRGHWHUPLQHZKHWKHUWKHUHLVDGLIIHUHQFHLQSULPLQJEH
WZHHQDVVRFLDWHGDQGQRQDVVRFLDWHGFROORFDWLRQV
 0DWHULDOV
FROORFDWLQJSULPHWDUJHWSDLUVZHUHFUHDWHGIRUHDFKRIWKHWKUHHFRQGLWLRQV
GHVFULEHGLQ7DEOH
)UHTXHQF\PHDVXUHVZHUHGHULYHGIURP%ULWLVK1DWLRQDO&RUSXV%1&7R
GHWHUPLQHZKHWKHUSDLUVZHUHVWURQJQRUPDWLYHDVVRFLDWHVRUQRWWZRPHWKRGV
ZHUHXVHG)LUVWWKH(GLQEXUJK$VVRFLDWLRQ7KHVDXUXV($7ZDVFRQVXOWHG
3DLUVLQWKHPRGHUDWHDQGIUHTXHQWFROORFDWLRQFRQGLWLRQVZHUHGHHPHGQRWWR
EHVWURQJDVVRFLDWHVRQO\LIQHLWKHUWKHWDUJHWZRUGQRUDQ\ZRUGIRUPGHULYD
WLRQDOO\RULQÀHFWLRQDOO\UHODWHGWRWKHWDUJHWZDVOLVWHGDVDQDVVRFLDWHRIWKH
SULPHLQWKH7KHVDXUXVVLPLODUO\QHLWKHUWKHSULPLQJZRUGQRUDQ\ZRUGIRUP
GHULYDWLRQDOO\RULQÀHFWLRQDOO\UHODWHGWRWKHSULPHZDVOLVWHGDVDQDVVRFLDWHRI
WKHWDUJHW3DLUVLQWKHDVVRFLDWHGIUHTXHQWFROORFDWLRQVFRQGLWLRQZHUHMXGJHG
WREHVWURQJDVVRFLDWHVRQO\LIWKHWDUJHWZRUGZDVOLVWHGDVHLWKHUWKH¿UVWRU
VHFRQGVWURQJHVWDVVRFLDWHRIWKHSULPHLQWKH7KHVDXUXVDQGKDGDPLQLPXP
DVVRFLDWLRQVFRUHRILHZDVVXSSOLHGE\DWOHDVWRXWRIUHVSRQ
GHQWV7KHPHDQVFRUHRIWKHDVVRFLDWLRQVXVHGZDVUDQJH௘±௘
6RPHRIWKHDVVRFLDWHGSDLUVDOVRH[KLELWHGµEDFNZDUGDVVRFLDWLRQ¶7KDWLVWKH
WDUJHWDOVRSURPSWHGWKHSULPH6HYHQRIWKHDVVRFLDWHVZHUHUHFRUGHGDV
EDFNZDUG DVVRFLDWHV WKRXJK RQO\ WZR RI WKHVH KDG DQ DVVRFLDWLRQ VFRUH RI
PRUHWKDQPDWFKIRRWEDOOOLVWVKRSSLQJ7KHIRUZDUGDQG
EDFNZDUGDVVRFLDWLRQVFRUHVIRUDOOSDLUVDUHOLVWHGLQWKH$SSHQGL[
%HFDXVHWKH($7ZDVHOLFLWHGIURPDGLIIHUHQWSRSXODWLRQIURPWKDWWDNLQJ
SDUW LQ WKHSUHVHQW VWXG\ ($7ZDVHOLFLWHG IURP%ULWLVKXQLYHUVLW\ VWXGHQWV
EHWZHHQDQGZRUGSDLUVZKLFKDUHQRWDWWHVWHGDVDVVRFLDWHVLQWKH
($7PD\QHYHUWKHOHVVEHVWURQJO\DVVRFLDWHGIRURXUSDUWLFLSDQWV%ULWLVKXQL
YHUVLW\VWXGHQWV LQ6LPLODUO\ VRPHSDLUVZKLFKDUHSURPLQHQWRQ WKH
($7PD\QRWEHVWURQJDVVRFLDWHVIRUWKHVHSDUWLFLSDQWV7RWDNHVRPHVLPSOH
H[DPSOHV LW LV XQOLNHO\ WKDW LI WKH($7 H[SHULPHQWZHUH UHSHDWHGZLWK RXU
SDUWLFLSDQWVWKHVHFRQGPRVWFRPPRQDVVRFLDWHRISROLWLFVZRXOGEH:LOVRQ
RUWKDWPRELOHZRXOGIDLOWRHOLFLWWKHUHVSRQVHSKRQH0RUHRYHUEHFDXVHWKH
($7HOLFLWHGRQO\DVLQJOHUHVSRQVHIURPHDFKSDUWLFLSDQW LW LVSRVVLEOHWKDW
VRPHKLJKO\VDOLHQWFROORFDWLRQVGRQRWIHDWXUHRQLWVOLVWLQJV7RHQVXUHWKDW
µQRQDVVRFLDWHG¶SDLUVLQWKHFXUUHQWVWXG\ZHUHLQGHHGQRWOLNHO\WREHVWURQJ
DVVRFLDWHVIRURXUSDUWLFLSDQWVDQGWKDWWKHSXWDWLYHO\DVVRFLDWHGSDLUVZHUHD
VHFRQGWHVWZDVXVHGLQDGGLWLRQWRWKH($7FKHFN7ZRJURXSVRIVXEMHFWV
ZHUHHDFKSUHVHQWHGZLWKVWLPXOXVZRUGVDGLIIHUHQWVWLPXOXVOLVWIRUHDFK
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 3'XUUDQWDQG$'RKHUW\
JURXS JLYLQJ D WRWDO RI  VWLPXOL DQG DVNHG WRZULWH GRZQ WKH¿UVW WKUHH
ZRUGVZKLFKFDPHWRPLQGRQUHDGLQJHDFKVWLPXOXV7KHVXEMHFWVZHUHWDNHQ
IURPWKHVDPHSRRODVWKRVHSDUWLFLSDWLQJLQWKHPDLQSULPLQJH[SHULPHQWDO
WKRXJKQRQHRIWKHSDUWLFLSDQWVLQWKLVWHVWWRRNSDUWLQDQ\RIWKHPDLQSULPLQJ
H[SHULPHQWVDQGVRVKRXOGSURYLGHDJRRGLQGLFDWLRQRIWKHOLNHO\DVVRFLDWHV
RIWKHPDLQVWXG\SDUWLFLSDQWV0RUHRYHUE\HOLFLWLQJWKUHHDVVRFLDWHVIRUHDFK
VWLPXOXVZHPD\PRYHDOLWWOHEH\RQGWKHYHU\VWURQJHVWDVVRFLDWHV$VVRFLD
WLRQVFRUHVZHUHFDOFXODWHGE\DZDUGLQJWKUHHSRLQWVWRD¿UVWFKRLFHZRUGWZR
SRLQWVWRDVHFRQGFKRLFHZRUGRQHSRLQWWRDWKLUGFKRLFHZRUGDQGWKHQ¿QG
LQJWKHDYHUDJHVFRUHDFURVVDOOSDUWLFLSDQWV7KXVDZRUGSDLUFRXOGUHFHLYHDQ
DVVRFLDWLRQVFRUHRIEHWZHHQQRWOLVWHGE\DQ\SDUWLFLSDQWDQGWKH¿UVW
ZRUGOLVWHGE\DOOSDUWLFLSDQWV3DLUVLQWKHPRGHUDWHDQGIUHTXHQWFROORFDWLRQ
FRQGLWLRQVZHUHGHHPHGQRWWREHVWURQJDVVRFLDWHVRQO\LIQHLWKHUWKHWDUJHW
ZRUGQRUDQ\ZRUGIRUPVGHULYDWLRQDOO\UHODWHGWRWKHWDUJHWZDVVXSSOLHGDVDQ
DVVRFLDWHRIWKHSULPH3DLUVLQWKHDVVRFLDWHGIUHTXHQWFROORFDWLRQFRQGLWLRQ
ZHUHMXGJHGWREHVWURQJDVVRFLDWHVRQO\LIWKHWDUJHWZDVVXSSOLHGDVDQDVVRFL
DWHRIWKHSULPHE\DWOHDVWWZRUHVSRQGHQWV7KHPHDQDVVRFLDWLRQVFRUHZDV
UDQJH±DQGWKHWDUJHWVZHUHVXSSOLHGRQDYHUDJHE\RXWRI
UHVSRQGHQWVUDQJH±
7KHWDUJHWQRXQVIURPWKHWKUHHFROORFDWLRQOLVWVZHUHDOVRPDWFKHGZLWK
FRQWUROSULPHV7KHFRQWUROSULPHWDUJHWSDLUVZHUHFRPELQDWLRQVZKLFKGLG
QRWFRRFFXULQWKHFRUSXV1RYHU\FRPPRQRUYHU\UDUHZRUGVZHUHXVHGDV
WDUJHWVRUDVSULPHVDOOZRUGVXVHGRFFXUUHGLQWKH%1&EHWZHHQDQG
WLPHVSODFLQJWKHPZHOORXWVLGHWKHWRSZRUGIRUPVLQWKHFRUSXV
DQGZHOOZLWKLQWKHWRS/HHFKHWDO$OOZRUGVZHUHRQHRUWZR
V\OODEOHVIRXUWRVHYHQOHWWHUVLQOHQJWK6LQFHWKHWDUJHWLWHPVZHUHWKHVDPH
LQ ERWK FRQGLWLRQV UHVSRQVH WLPHV VKRXOG EH LGHQWLFDO LQ HDFK EDUULQJ DQ\
SULPLQJHIIHFWV
7KHFROORFDWLQJDQGFRQWUROSULPHVZHUHFRPELQHGLQWRWZRFRXQWHUEDODQFHG
OLVWVVXFKWKDWHLJKWFROORFDWLQJSDLUVIURPHDFKOHYHOZHUHLQFOXGHGLQHDFKOLVW
DQGWDUJHWVZKLFKZHUHPDWFKHGZLWKWKHLUFROORFDWLQJSULPHLQRQHOLVWZHUH
PDWFKHGZLWK WKHLUFRQWUROSULPH LQ WKHRWKHU1RSULPHRU WDUJHWZRUGZDV
XVHGPRUHWKDQRQFHLQHLWKHUOLVW$VLQJOHVHWRISULPHQRQZRUGSDLUVZDV
DOVRDGGHGWRERWKOLVWV1RQZRUGVZHUHLWHPVRIIRXUWRVHYHQOHWWHUVJHQHU
DWHGXVLQJWKH$5&1RQZRUG'DWDEDVH5DVWOHHWDO3ULPHVZHUHLWHPV
ZKLFKDSSHDUHGLQWKH%1&EHWZHHQDQGWLPHVDQGZKLFKZHUH
DWWHVWHGWREHXVHGDVSUHPRGL¿HUVEXWZKLFKKDGQRWEHHQXVHGHOVHZKHUHLQ
WKHH[SHULPHQW7KH¿QDOPDWHULDOVDUHVKRZQLQWKH$SSHQGL[
 3DUWLFLSDQWV
VWXGHQWVDWWKH8QLYHUVLW\RI1RWWLQJKDP$OOZHUHQDWLYHVSHDNHUVRI%ULW
LVK(QJOLVK
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 3URFHGXUH
3DUWLFLSDQWVZHUHUDQGRPO\DVVLJQHGLQHTXDOQXPEHUVWRRQHRIWZRJURXSV
(DFKJURXSVDZRQHOLVWRQO\LQDUDQGRPLVHGRUGHU3DUWLFLSDQWVZHUHWHVWHG
LQGLYLGXDOO\LQDTXLHWURRP3UHVHQWDWLRQRIWKHVWLPXOLDQGUHFRUGLQJRIWKH
UHDFWLRQWLPHVZHUHFRQWUROOHGE\3V\FKRORJ\6RIWZDUH7RROV¶(3ULPHVRIW
ZDUH DQG LWHPVZHUHGLVSOD\HGRQD&57PRQLWRU2QHDFK WULDO D¿[DWLRQ
SRLQW ³´ZDVSUHVHQWHGFHQWUHGRQ WKHVFUHHQ IRUPV7KLVZDVUH
SODFHG ZLWK D SULPLQJ ZRUG ZKLFK ZDV SUHVHQWHG LQ ORZHUFDVH OHWWHUV IRU
PV7KHSULPHZDVWKHQLPPHGLDWHO\UHSODFHGE\WKHWDUJHWLQXSSHUFDVH
OHWWHUV7KHWDUJHWVWD\HGRQWKHVFUHHQXQWLOWKHSDUWLFLSDQWPDGHDUHVSRQVH
)ROORZLQJWKHUHVSRQVHWKHVFUHHQZHQWEODQNIRUPVEHIRUHWKHRQVHWRI
WKHQH[WWULDO3DUWLFLSDQWVZHUHLQVWUXFWHGWRSUHVVWKHULJKWEXWWRQRQDEXWWRQ
ER[LIWKHVWULQJZDVDZRUGDQGWKHOHIWEXWWRQLILWZDVQRW7KH\ZHUHWROGWR
PDNHWKLVGHFLVLRQDVTXLFNO\DVSRVVLEOH5HDFWLRQWLPHVZHUHPHDVXUHGIURP
WDUJHWRQVHWWRUHVSRQVH3DUWLFLSDQWVUHFHLYHGSUDFWLFHWULDOVDQGZHUHDO
ORZHGDVHOIWLPHGEUHDNEHIRUHFRPPHQFLQJWKHH[SHULPHQW,WHPVZHUHSUH
VHQWHGLQWZREORFNVZLWKDVHOISDFHGEUHDNEHWZHHQEORFNV(DFKEORFNFRQ
WDLQHGDQHTXDOQXPEHURILWHPVIURPHDFKOHYHODQGWKHRUGHURISUHVHQWDWLRQ
RIWKHEORFNVZDVFRXQWHUEDODQFHGEHWZHHQSDUWLFLSDQWV
 5HVXOWVDQGGLVFXVVLRQ
5HDFWLRQWLPHVRIOHVVWKDWPVRUPRUHWKDQVWDQGDUGGHYLDWLRQVDERYHWKH
SDUWLFLSDQW¶VPHDQRIWKHWRWDOZHUHUHSODFHGZLWKWKHPHDQIRUWKDW
SDUWLFLSDQW0HDQ DFFXUDF\ E\ SDUWLFLSDQW FROODSVHG DFURVV FRQGLWLRQV ZDV
7KHUHZDVQRHIIHFWRIFRQGLWLRQXSRQDFFXUDF\$YHUDJHUHDFWLRQWLPHV
IRUFROORFDWLRQVDQGQRQFROORFDWLRQVDWHDFKRIWKHIRXUOHYHOVDUHVKRZQLQ
7DEOH5HDFWLRQWLPHVZHUHQHJDWLYHO\VNHZHGZLWKLQFRQGLWLRQV²LHWKHUH
ZDVDORQJµWDLO¶RISDUWLFLSDQWVZLWKUHDFWLRQWLPHVZHOODERYHWKHPHDQ%H
FDXVHRI WKLV WLPHVZHUHQRW QRUPDOO\GLVWULEXWHGZLWKLQ FRQGLWLRQV DQG VR
SDUDPHWULFWHVWVFRXOGQRWEHXVHG
7DEOH $YHUDJHUHDFWLRQVWLPHVLQHDFKFRQGLWLRQIRU([SHULPHQW
FROORFDWLRQV QRQ
FROORFDWLRQV
:LOFR[RQVLJQHGUDQNVWHVW
/RZIUHTXHQF\FRPELQDWLRQV
0HGLDQ57PV
0RGHUDWHFROORFDWLRQV
0HGLDQ57PV
)UHTXHQWFROORFDWLRQV
0HGLDQ57PV
$VVRFLDWHGIUHTXHQWFROORFDWLRQV
0HGLDQ57PV








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S QVU ±௘
7 S QVU ±௘
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 3'XUUDQWDQG$'RKHUW\
1R VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFHZDV IRXQG EHWZHHQ FROORFDWLRQ DQG
QRQFROORFDWLRQ FRQGLWLRQV LQ WKH ORZ IUHTXHQF\ RU PRGHUDWH FROORFDWLRQ
FRQGLWLRQV+RZHYHULQWKHIUHTXHQWDQGDVVRFLDWHGIUHTXHQWFROORFDWLRQFRQ
GLWLRQVFROORFDWLQJSDLUVH[KLELWHGVLJQL¿FDQWSULPLQJLQFRPSDULVRQWRQRQ
FROORFDWLRQV
7KHVHUHVXOWVVXJJHVW WZRPDLQFRQFOXVLRQV)LUVWSULPLQJZDVVHHQKHUH
RQO\EHWZHHQFROORFDWLRQVZLWKYHU\KLJKIUHTXHQFLHVRIRFFXUUHQFHLHWKRVH
LQWKHIUHTXHQW0GQ0, 0GQWVFRUH DQGDVVRFLDWHGIUHTXHQW
FROORFDWLRQ FRQGLWLRQV 0GQ0, 0GQ WVFRUH 0RUHPRGHVW
FROORFDWLRQV DQG ORZ IUHTXHQF\ZRUG SDLUV GLG QRW GHPRQVWUDWH VLJQL¿FDQW
SULPLQJUHODWLYHWRLPSODXVLEOHFRQWUROV7KHFRUSXVOLWHUDWXUH6WXEEV
+XQVWRQRIWHQFLWHVDQ0,VFRUHRIDQGWVFRUHRIDVPLQLPXPFXW
RIISRLQWVDERYHZKLFKFROORFDWLRQVDUHOLNHO\WREHRIOLQJXLVWLFLQWHUHVW7KH
SUHVHQW UHVXOWV VXJJHVW WKDWPXFK KLJKHU WKUHVKROGV DUH UHTXLUHG WR LGHQWLI\
FROORFDWLRQV ZKLFK DUH OLNHO\ WR GHPRQVWUDWH SULPLQJ 6HFRQG SULPLQJ EH
WZHHQ KLJK IUHTXHQF\ FROORFDWLRQV KDV EHHQ VKRZQ WR H[LVW UHJDUGOHVV RI
ZKHWKHUWKHSDLULVOLNHO\WREHDVWURQJSV\FKRORJLFDODVVRFLDWH)UHTXHQWFRO
ORFDWLRQV DQG DVVRFLDWHG IUHTXHQW FROORFDWLRQV GHPRQVWUDWHG DSSUR[LPDWHO\
HTXDOOHYHOVRISULPLQJLQWHUPVRIWKHLUHIIHFWVL]HV/HYHOU í௘/HYHO
U í௘VXJJHVWLQJ WKDW WKHHIIHFWVHHQKHUH LVHQWLUHO\ LQGHSHQGHQWRI
DVVRFLDWLRQ
 ([SHULPHQW7ZR
 ,QWURGXFWLRQ
$ OLPLWDWLRQ RI WKH¿UVW H[SHULPHQW LV WKDW LW GLG QRW SUHFOXGH WKH LQWHUYHQ
WLRQRIµVWUDWHJLF¶SURFHVVHVRQWKHSDUWRIVXEMHFWV7KDWLVWRVD\LWLVSRVVLEOH
WKDW GXULQJ WKH H[SHULPHQW VXEMHFWV DWWHPSWHG WR¿QG UHODWLRQVKLSV EHWZHHQ
SULPHVDQGWDUJHWVDQGLQOLJKWRIWKHLUK\SRWKHVHVDGRSWHGVWUDWHJLHVWRKDVWHQ
WKHLUUHVSRQVHVHJE\DWWHPSWLQJWRJXHVVSRVVLEOHXSFRPLQJWDUJHWV,WKDV
EHHQVXJJHVWHGLQWKHOLWHUDWXUHWKDWVXFKSURFHVVHVPD\QRWUHÀHFWWKHORQJ
ODVWLQJRUJDQLVDWLRQRI WKHOH[LFRQEXWUDWKHUDUH WKHDGKRFSURGXFWVRI WKH
H[SHULPHQWDO WDVNFRQWUROOHGE\KLJKHURUGHUPHQWDOIDFXOWLHV/XFDV

7ZRPDLQPHWKRGV KDYH EHHQ XVHG WR HOLFLW DXWRPDWLF SULPLQJ7KH¿UVW
SUHVHQWVLWHPVRQHE\RQHDQGUHTXLUHVSDUWLFLSDQWVWRPDNHDZRUG/QRQZRUG
GHFLVLRQ IRU HDFK VR UHPRYLQJ WKH RYHUW SDLULQJ EHWZHHQSULPH DQG WDUJHW
0F1DPDUDDQG$OWDUULED DQG6KHOWRQDQG0DUWLQ ERWK UHSRUW
UHVXOWVVXJJHVWLYHRIDXWRPDWLFSULPLQJXVLQJWKLVWHFKQLTXH$VHFRQGPHWKRG
LVWRSUHVHQWSULPHVRQO\YHU\EULHÀ\DQGSUHFHGHGDQG/RUIROORZHGE\DµSDW
WHUQPDVN¶HJ³´8QGHUVXFKFRQGLWLRQVVXEMHFWVDUHQRWXVXDOO\
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
FRQVFLRXVRI WKHSULPH VRFDQQRWPDNHXVHRI FRQVFLRXV VWUDWHJLHV6HYHUDO
VWXGLHVKDYHIRXQGHYLGHQFHRIDSSDUHQWO\DXWRPDWLFSULPLQJXVLQJVXFKPHWK
RGVGH*URRW	1DV6HUHQR3HUHD	5RVD2IWKHWZR
PHWKRGVWKHODWWHULVSUHIHUUHGKHUHVLQFHWKHIRUPHUE\UHTXLULQJDQH[SOLFLW
UHVSRQVHIURPSDUWLFLSDQWVWRHYHU\ZRUGVHHQVHHPVOLNHO\WRHQFRXUDJHSDU
WLFLSDQWVWRSURFHVVZRUGVDVLVRODWHGLWHPVVRXQGHUPLQLQJDQ\QDWXUDOFRO
ORFDWLRQDOSURFHVVLQJ
 0DWHULDOV
7KHPDWHULDOVXVHGLQWKLVH[SHULPHQWDUHLGHQWLFDOWRWKRVHLQ([SHULPHQW
 3DUWLFLSDQWV
 VWXGHQWV DW WKH 8QLYHUVLW\ RI 1RWWLQJKDP$OO ZHUH QDWLYH VSHDNHUV RI
%ULWLVK(QJOLVK
 3URFHGXUH
7KHSURFHGXUHZDVWKHVDPHDVWKDWLQH[SHULPHQWRQHH[FHSWIRUWKHWLPLQJRI
H[SRVXUHWRWKHSULPHDQGWKHDGGLWLRQRIDµSDWWHUQPDVN¶EHIRUHWKHSULPHZDV
VKRZQ )RU HDFK H[SHULPHQWDO LWHP DIWHU VHHLQJ D ¿[DWLRQ SRLQW ³´ IRU
PVSDUWLFLSDQWVZHUHVKRZQDSDWWHUQVPDVNLH³´IRUPV
7KHSULPLQJZRUGWKHQDSSHDUHGLQSODFHRIWKHPDVNLQORZHUFDVHOHWWHUVIRU
PVRQO\DQH[SRVXUHRIWKLVOHQJWKLVXVXDOO\WRRVKRUWIRUSDUWLFLSDQWVWREH
DZDUHRIWKHSULPH7KHSULPHZDVWKHQLPPHGLDWHO\UHSODFHGE\WKHWDUJHWLQ
XSSHUFDVHOHWWHUV7KHWDUJHWVWD\HGRQWKHVFUHHQXQWLOWKHSDUWLFLSDQWPDGHD
UHVSRQVH)ROORZLQJWKHUHVSRQVHWKHVFUHHQZHQWEODQNIRUPVEHIRUH
WKHRQVHWRIWKHQH[WWULDO
 5HVXOWVDQGGLVFXVVLRQ
7KUHHSDUWLFLSDQWVFODLPHGWREHDEOHWRUHDGWKHSULPHVVRWKHLUUHVXOWVZHUH
H[FOXGHGIURPWKHDQDO\VLV$VLQWKHSUHYLRXVH[SHULPHQWVUHDFWLRQWLPHVRI
OHVVWKDWPVRUPRUHWKDQWKUHHVWDQGDUGGHYLDWLRQVDERYHWKHDYHUDJHIRUD
SDUWLFLSDQW  RI WKH WRWDO ZHUH UHSODFHG ZLWK WKH SDUWLFLSDQW¶V PHDQ
0HDQ DFFXUDF\ E\ SDUWLFLSDQW FROODSVHG DFURVV FRQGLWLRQVZDV 7KHUH
ZDVQRHIIHFWRIFRQGLWLRQXSRQDFFXUDF\$YHUDJHUHDFWLRQWLPHVIRUFRUUHFW
UHVSRQVHVWRWDUJHWVIROORZLQJFROORFDWLRQVDQGQRQFROORFDWLRQVDWHDFKRIWKH
WKUHHOHYHOVDUHVKRZQLQ7DEOH5HDFWLRQWLPHVZHUHDJDLQIRUWKHUHDVRQV
GHVFULEHGDERYHQRWQRUPDOO\GLVWULEXWHGZLWKLQOHYHOV
$V LQ([SHULPHQW  VLJQL¿FDQW IDFLOLWDWLRQZDV IRXQG IRU DVVRFLDWHG IUH
TXHQWFROORFDWLRQVKRZHYHUQRIDFLOLWDWLRQZDVREVHUYHGLQDQ\RWKHUFRQGL
WLRQ7KH ODFN RI IDFLOLWDWLRQ LQ WKH ORZ DQGPRGHUDWH IUHTXHQF\ FRQGLWLRQV
UHSOLFDWHV WKH ¿QGLQJV RI ([SHULPHQW  +RZHYHU WKH IDLOXUH WR ¿QG DQ\
SULPLQJ EHWZHHQ IUHTXHQW FROORFDWLRQV LVPRUH VXUSULVLQJ DQG IRUFHV XV WR
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 3'XUUDQWDQG$'RKHUW\
UHYLVHVRPHZKDWRXUFRQFOXVLRQWKDWSULPLQJLVLQGHSHQGHQWRISV\FKRORJLFDO
DVVRFLDWLRQ 7KHVH UHVXOWV VHHP WR VXJJHVW WKDW SULPLQJ EHWZHHQ DVVRFLDWHV
PD\EHGLIIHUHQW LQ W\SHIURPWKDWEHWZHHQFROORFDWHVZLWKWKHIRUPHUFRQ
WUROOHGE\DXWRPDWLFSURFHVVHVDQGWKHODWWHUE\VWUDWHJLF
,IWKLVLVULJKWLWLVRIFRQVLGHUDEOHWKHRUHWLFDOLQWHUHVW$VZDVQRWHGDERYH
LWKDVRIWHQEHHQVXJJHVWHGWKDWSULPLQJEHWZHHQDVVRFLDWHVLVDUHVXOWRIWKHLU
IUHTXHQWFROORFDWLRQHJ&KDUOHVDQG0LOOHU,IWKHWZRW\SHVRIZRUG
FRPELQDWLRQHOLFLWGLIIHUHQWW\SHVRISULPLQJKRZHYHUWKLVYLHZZRXOGQHHG
WREHUHYLVHG6RPHFDXWLRQLVUHTXLUHGKHUHKRZHYHU$OWKRXJK/HYHOFRO
ORFDWLRQVZHUHWKHRQO\W\SHWRSDVVWKHSWKUHVKROGWKHUHLVLQFRQWUDVW
WR([SHULPHQW  DOVR VRPH VXJJHVWLRQ RI IDFLOLWDWLRQ DW RWKHU OHYHOV ,Q DOO
FROORFDWLRQW\SHVPHGLDQUHVSRQVHVZHUHORZHULQWKHFROORFDWLQJFRQGLWLRQ
ZLWKHIIHFWVL]HVZKLFKDUHURXJKO\FRPSDUDEOHDFURVVOHYHOV0RUHRYHUWKH
ORZ IUHTXHQF\ DQG IUHTXHQW FROORFDWLRQ FRQGLWLRQV ERWK DSSURDFKHG VLJQL¿
FDQFHLQWKH:LOFR[RQVLJQHGUDQNVWHVWZLWKSYDOXHVRIDQGUH
VSHFWLYHO\:KLOH UREXVWSURRIRI LWKDVQRWEHHQ IRXQGKHUH WKHUHIRUHZH
FDQQRWHQWLUHO\GLVFRXQWWKHSRVVLELOLW\WKDWWKHRWKHUW\SHVRIZRUGFRPELQD
WLRQWHVWHGPD\H[KLELWDXWRPDWLFSULPLQJ0RUHUHVHDUFKLVUHTXLUHGWRDGGUHVV
WKLVLVVXH
 *HQHUDOGLVFXVVLRQ
7KLVSDSHUDLPHGWRGHWHUPLQHZKHWKHUIUHTXHQF\RIFRRFFXUUHQFHLQDODUJH
JHQHUDO SXUSRVH FRUSXV LV D UHOLDEOH LQGLFDWRU RI SV\FKRORJLFDO SULPLQJ EH
WZHHQZRUGV,WZDVDUJXHGWKDWLQWKHDEVHQFHRIVXFKHYLGHQFHLWLVGLI¿FXOW
WRMXGJHWKHYDOLGLW\RIIUHTXHQF\EDVHGPHWKRGVIRUVXFKWDVNVDVLGHQWLI\LQJ
WDUJHWFROORFDWLRQVIRUODQJXDJHOHDUQHUVWRVWXG\
7DEOH $YHUDJHUHDFWLRQWLPHVLQHDFKFRQGLWLRQIRU([SHULPHQW
FROORFDWLRQV QRQ
FROORFDWLRQV
:LOFR[RQVLJQHGUDQNVWHVW
/RZIUHTXHQF\FRPELQDWLRQV
0HGLDQ57PV
0RGHUDWHFROORFDWLRQV
0HGLDQ57PV
)UHTXHQWFROORFDWLRQV
0HGLDQ57PV
$VVRFLDWHGIUHTXHQWFROORFDWLRQV
0HGLDQ57PV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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
7KHUHVXOWVSUHVHQWHGKHUHDSSHDUWRLQGLFDWHWKDWIUHTXHQF\RIRFFXUUHQFH
GRHV LQGLFDWH SV\FKRORJLFDO UHDOLW\ FRQ¿UPLQJ WKH¿QGLQJV RI(OOLV DQG KLV
FROOHDJXHV(OOLVHWDODQGVXJJHVWLQJWKDWIUHTXHQF\EDVHGPHWK
RGVDUHDYDOLGPHWKRGIRULGHQWLI\LQJFROORFDWLRQVZKLFKDUHOLNHO\WREHJRRG
WDUJHWV IRU ODQJXDJH OHDUQLQJ0RUHRYHU([SHULPHQW H[WHQGVSUHYLRXV UH
VHDUFKE\VKRZLQJWKDWIRUKLJKIUHTXHQF\SDLUVWKHVL]HDQGVWDWLVWLFDOUREXVW
QHVVRIWKHSULPLQJHIIHFWLVLQGHSHQGHQWRIZKHWKHUFROORFDWLRQVDUHRUDUHQRW
SV\FKRORJLFDODVVRFLDWHV7KHUHOHYDQFHRIIUHTXHQF\DVDQLQGLFDWRURIWKHFRO
ORFDWLRQVQDWLYHVSHDNHUVDUHOLNHO\WRNQRZDSSHDUVWKHUHIRUHWREHJHQHUDOLV
DEOHEH\RQGWKHVPDOOJURXSRIKLJKO\VDOLHQWLWHPVZKLFKDUHIRXQGRQDVVR
FLDWLRQOLVWV$VIDUDVZHDUHDZDUHWKLVLVWKH¿UVWH[SHULPHQWWRGHPRQVWUDWH
WKDWIUHTXHQF\EDVHGFROORFDWLRQDOSULPLQJFDQH[LVWLQGHSHQGHQWO\RISV\FKR
ORJLFDODVVRFLDWLRQ
([SHULPHQWDOVRVXJJHVWHGWKDWFROORFDWLRQDOSULPLQJPD\EHUHVWULFWHGWR
ZRUGSDLUVZKLFKVFRUHYHU\KLJKO\RQDVVRFLDWLRQPHDVXUHV0,DQGWVFRUH
3ULPLQJZDVRQO\GHPRQVWUDWHGKHUHEHWZHHQSDLUVZLWK0,VFRUHVRIDWOHDVW
DQGWVFRUHVRIDWOHDVW,QWKH$SSOLHG/LQJXLVWLFOLWHUDWXUHD0,VFRUH
DQGDWVFRUHDUHFRPPRQO\FLWHGDVDXVHIXOWKUHVKROGIRULGHQWLI\LQJJHQ
XLQHFROORFDWLRQV6WXEEV+XQVWRQ7KHFXUUHQWUHVXOWVVXJJHVW
WKDWLQDVHDUFKIRUSV\FKRORJLFDOO\UHDOFROORFDWLRQVVXFKJXLGHOLQHVQHHGWR
EHUHYLVHGXSZDUGV
:KLOHWKHVH¿QGLQJVFRQ¿UPWKHYDOLGLW\RIIUHTXHQF\GDWDIURPDJHQHUDO
FRUSXVDVDLQGLFWRURIZKLFKZRUGSDLULQJVDUHSV\FKRORJLFDOO\UHDOFROORFD
WLRQV IRU QDWLYH VSHDNHUV DQ LPSRUWDQW FDYHDWPXVW EHPDGH UHJDUGLQJ WKH
H[DFWSV\FKROLQJXLVWLFQDWXUHRIWKHVHFROORFDWLRQV2XU¿QGLQJWKDWERWKDV
VRFLDWHG DQGQRQDVVRFLDWHG FROORFDWLRQV H[KLELW SULPLQJDSSOLHGRQO\ LQ DQ
H[SHULPHQWDOVHWXSZKLFKSHUPLWWHGWKHLQWHUYHQWLRQRIµVWUDWHJLF¶LHKLJKHU
RUGHUSURFHVVHV ,Q([SHULPHQWZKLFKDLPHGWRHOLFLWRQO\ WKHDXWRPDWLF
SURFHVVHVZKLFKDUHWKRXJKWWRUHÀHFWWKHORQJODVWLQJVWUXFWXUHRIWKHPHQWDO
OH[LFRQKLJKIUHTXHQF\FROORFDWLRQVGLGQRWH[KLELWD UREXVWSULPLQJHIIHFW
ZKHUHDVDVVRFLDWHGZRUGSDLUVGLG
7KLV¿QGLQJVXJJHVWVWKHQHHGIRUIXUWKHUUHVHDUFKLQWRWKHH[DFWQDWXUHRI
FROORFDWLRQDOSULPLQJ:KLOHZHGRQRWZLVKWRHQWHULQWRDQ\H[WHQVLYHVSHFX
ODWLRQVRQWKHEDVLVRIQHJDWLYHUHVXOWVWKHFRQWUDVWLQJUHVXOWVRI([SHULPHQWV
DQGVXJJHVWWKHSRVVLELOLW\RIDWKHRUHWLFDOO\LQWHUHVWLQJGLYHUJHQFHLQWKH
ZD\DVVRFLDWHG DQGQRQDVVRFLDWHG FROORFDWLRQV DUH UHSUHVHQWHG LQ WKHPLQG
ZKLFKPD\EHZRUWK\RIIXUWKHUH[SORUDWLRQ7KLVGLYHUJHQFHVXJJHVWVWKDWWKH
QDWXUHRI WKHPHQWDO UHSUHVHQWDWLRQRIFROORFDWLRQVPD\QRWEHXQLIRUPEXW
UDWKHUWKDWVRPHFROORFDWLRQVPD\EHUHSUHVHQWHGLQGLIIHUHQWZD\VWKDQRWKHUV
,WDOVRVXJJHVWVWKDWWKHFRPPRQO\UHSHDWHGDVVXPSWLRQWKDWDVVRFLDWLYHSULP
LQJLVDSURGXFWRIFROORFDWLRQPD\QRWEHWHQDEOHVLQFHDVVRFLDWHGSDLUVDSSHDU
WRKDYHSURSHUWLHVQRWVKDUHGE\µPHUH¶FROORFDWLRQV)XWXUHUHVHDUFKLVQHHGHG
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 3'XUUDQWDQG$'RKHUW\
WRSXUVXHWKLVGLYHUJHQFHEHWZHHQDVVRFLDWLRQDQGFROORFDWLRQLQPRUHGHWDLO
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
%LRQRWHV
3KLO'XUUDQWLVFXUUHQWO\9LVLWLQJ$VVLVWDQW3URIHVVRULQWKH*UDGXDWH6FKRRORI
(GXFDWLRQDW%LONHQW8QLYHUVLW\ZKHUHKHWHDFKHVRQWKH0$7()/SURJUDP
+HLV WKHDXWKRURIVHYHUDOSDSHUVRQ WKH WRSLFRIFROORFDWLRQDQGIRUPXODLF
ODQJXDJH
$OLFH'RKHUW\LVVWXG\LQJIRUD3K'LQ3V\FKROLQJXLVWLFVDWWKH8QLYHUVLW\RI
1RWWLQJKDP(PDLOGXUUDQWSKLO#JPDLOFRPDH[DG#QRWWLQJKDPDFXN
1RWHV
 &IKWWS//ZZZHDWUODFXN/!
 :HZRXOGOLNHWRWKDQNDQDQRQ\PRXVUHYLHZHUIRUSRLQWLQJRXWWKLVOLPLWDWLRQ
5HIHUHQFHV
%DORWD'DYLG$9LVXDOZRUGUHFRJQLWLRQ7KHMRXUQH\IURPIHDWXUHVWRPHDQLQJ,Q0RU
WRQ$QQ*HUQVEDFKHU HG+DQGERRN RI SV\FKROLQJXLVWLFV ± 6DQ'LHJR$FDGHPLF
3UHVV
%DUORZ0LFKDHO	6X]DQQH.HPPHUHGV8VDJHEDVHGPRGHOVRIODQJXDJH6WDQIRUG
&DOLIRUQLD&6/,3XEOLFDWLRQV
%OH\9URPDQ5REHUW)UHTXHQF\LQSURGXFWLRQFRPSUHKHQVLRQDQGDFTXLVLWLRQ6WXGLHVLQ
6HFRQG/DQJXDJH$FTXLVLWLRQ±
&KDUOHV:DOWHU*	*HRUJH$0LOOHU&RQWH[WVRIDQWRQ\PRXVDGMHFWLYHV$SSOLHG3V\FKR
OLQJXLVWLFV±
&KXUFK.HQQHWK:	3DWULFN+DQNV:RUGDVVRFLDWLRQQRUPVPXWXDO LQIRUPDWLRQDQG
OH[LFRJUDSK\&RPSXWDWLRQDO/LQJXLVWLFV±
&OHDU-HP)URP)LUWKSULQFLSOHVFRPSXWDWLRQDOWRROVIRUWKHVWXG\RIFROORFDWLRQV,Q0RQD
%DNHU*LOO)UDQFLV	(OHQD7RJQLQL%RQHOOL HGV7H[WDQG WHFKQRORJ\ LQKRQRXURI -RKQ
6LQFODLU±$PVWHUGDP	3KLODGHOSKLD-RKQ%HQMDPLQV
&RQNOLQ.DWK\	1RUEHUW6FKPLWW)RUPXODLFVHTXHQFHV$UHWKH\SURFHVVHGPRUHTXLFNO\
WKDQQRQIRUPXODLFODQJXDJHE\QDWLYHDQGQRQQDWLYHVSHDNHUV$SSOLHG/LQJXLVWLFV±

GH*URRW$QHWWH0	*HUDUG/1DV/H[LFDOUHSUHVHQWDWLRQRIFRJQDWHVDQGQRQFRJQDWHV
LQFRPSRXQGELOLQJXDOV-RXUQDORI0HPRU\DQG/DQJXDJH±
'XUUDQW3KLO,QYHVWLJDWLQJWKHYLDELOLW\RIDFROORFDWLRQOLVWIRUVWXGHQWVRI(QJOLVKIRUDFD
GHPLFSXUSRVHV(QJOLVKIRU6SHFL¿F3XUSRVHV±
(OOLV1LFN&0HPRU\IRUODQJXDJH,Q3HWHU5RELQVRQHG&RJQLWLRQDQGVHFRQGODQ
JXDJHLQVWUXFWLRQ±&DPEULGJH&DPEULGJH8QLYHUVLW\3UHVV
(OOLV1LFN&)UHTXHQF\HIIHFWVLQODQJXDJHSURFHVVLQJ6WXGLHVLQ6HFRQG/DQJXDJH$FTXL
VLWLRQ±
(OOLV1LFN&&RQVWUXFWLRQVFKXQNLQJDQGFRQQHFWLRQLVPWKHHPHUJHQFHRIVHFRQGODQ
JXDJHVWUXFWXUH,Q&DWKHULQH-'RXJKW\	0LFKDHO+/RQJHGV7KHKDQGERRNRIVHFRQG
ODQJXDJHDFTXLVLWLRQ±2[IRUG%ODFNZHOO
(OOLV1LFN&(ULF)UH\	,VDDF-DONDQHQ7KHSV\FKROLQJXLVWLFUHDOLW\RIFROORFDWLRQDQG
VHPDQWLFSURVRG\ /H[LFDODFFHVV ,Q8WH5|PHU	5DLQHU6FKXO]H HGV([SORULQJ WKH
OH[LVJUDPPDULQWHUIDFH±$PVWHUGDP	3KLODGHOSKLD-RKQ%HQMDPLQV
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 3'XUUDQWDQG$'RKHUW\
(OOLV1LFN&5LWD6LPSVRQ9ODFK	&DUVRQ0D\QDUG)RUPXODLFODQJXDJHLQQDWLYHDQG
VHFRQGODQJXDJHVSHDNHUVSV\FKROLQJXLVWLFVFRUSXVOLQJXLVWLFVDQG7(62/7(62/4XDUWHUO\
±
)LUWK-RKQ5$V\QRSVLVRIOLQJXLVWLFWKHRU\௘±,Q)53DOPHUHG6HOHFWHGSD
SHUVRI-5)LUWK±±+DUORZ/RQJPDQ
)LW]SDWULFN7HVV:RUGDVVRFLDWLRQSDWWHUQVXQSDFNLQJWKHDVVXPSWLRQV,QWHUQDWLRQDO-RXU
QDORI$SSOLHG/LQJXLVWLFV±
*LEEV5D\PRQG:	1DQGLQL1D\DN3V\FKROLQJXLVWLFVWXGLHVRQWKHV\QWDFWLFEHKDYLRU
RILGLRPV&RJQLWLYH3V\FKRORJ\±
*LEEV5D\PRQG:11D\DN	&RRSHU&XWWLQJ+RZWRNLFNWKHEXFNHWDQGQRWGHFRP
SRVHDQDO\]DELOLW\DQGLGLRPSURFHVVLQJ-RXUQDORI0HPRU\DQG/DQJXDJH±
+DQGO6XVDQQH(VVHQWLDOFROORFDWLRQVIRUOHDUQHUVRI(QJOLVK7KHUROHRIFROORFDWLRQDOGL
UHFWLRQDQGZHLJKW,Q)DQQ\0HXQLHU	6\OYLDQH*UDQJHUHGV3KUDVHRORJ\LQIRUHLJQODQ
JXDJHOHDUQLQJDQGWHDFKLQJ±$PVWHUGDP-RKQ%HQMDPLQV
+HUEVW7KRPDV:KDWDUHFROORFDWLRQVVDQG\EHDFKHVRUIDOVHWHHWK"(QJOLVK6WXGLHV
±
+RGJVRQ-0,QIRUPDWLRQDOFRQVWUDLQWVRQSUHOH[LFDOSULPLQJ/DQJXDJHDQG&RJQLWLYH
3URFHVVHV±
+RH\0LFKDHO3DWWHUQVRIOH[LVLQWH[W2[IRUG2[IRUG8QLYHUVLW\3UHVV
+RH\0LFKDHO/H[LFDOSULPLQJ$QHZWKHRU\RIZRUGVDQGODQJXDJH/RQGRQ5RXWOHGJH
+XQVWRQ6XVDQ&RUSRUDLQDSSOLHGOLQJXLVWLFV&DPEULGJH&DPEULGJH8QLYHUVLW\3UHVV
+XWFKLVRQ.HLWK$,VVHPDQWLFSULPLQJGXHWRDVVRFLDWLRQVWUHQJWKRUIHDWXUHRYHUODS"$
PLFURDQDO\WLFUHYLHZ3V\FKRQRPLF%XOOHWLQDQG5HYLHZ±
-LDQJ1DQ	7DWLDQD01HNUDVRYD07KHSURFHVVLQJRIIRUPXODLFVHTXHQFHVE\VHFRQG
ODQJXDJHVSHDNHUV7KH0RGHUQ/DQJXDJH-RXUQDO±
-RQHV6XVDQ	-RKQ06LQFODLU(QJOLVK OH[LFDOFROORFDWLRQV$VWXG\ LQFRPSXWDWLRQDO
OLQJXLVWLFV&DKLHUVGHOH[LFRORJLH±
/HHFK*HRIIUH\3DXO5D\VRQ	$QGUHZ:LOVRQ:RUGIUHTXHQFLHVLQZULWWHQDQGVSRNHQ
(QJOLVKEDVHGRQWKH%ULWLVK1DWLRQDO&RUSXV/RQGRQ/RQJPDQ
/HZLV0LFKDHO7KHOH[LFDODSSURDFK7KHVWDWHRI(/7DQGDZD\IRUZDUG/RQGRQ7KRP
VRQ+HLQOH
/XFDV0DUJHU\  6HPDQWLF SULPLQJZLWKRXW DVVRFLDWLRQ DPHWDDQDO\WLF UHYLHZ3V\FKR
QRPLF%XOOHWLQ	5HYLHZ±
0DQQLQJ&KULVWRSKHU'	+LQULFK6FKW]H)RXQGDWLRQVRIVWDWLVWLFDOQDWXUDOODQJXDJH
SURFHVVLQJ&DPEULGJH0$0,73UHVV
0F.RRQ*DLO	5RJHU5DWFOLII6SUHDGLQJDFWLYDWLRQYHUVXVFRPSRXQGFXHDFFRXQWVRI
SULPLQJ0HGLDWHGSULPLQJUHYLVLWHG-RXUQDORI([SHULPHQWDO3V\FKRORJ\/HDUQLQJ0HPRU\
DQG&RJQLWLRQ±
0F1DPDUD7LPRWK\3	-HDQHWWH$OWDUULED'HSWKRIVSUHDGLQJDFWLYDWLRQUHYLVLWHGVH
PDQWLFPHGLDWHGSULPLQJRFFXUVLQOH[LFDOGHFLVLRQV-RXUQDORI0HPRU\DQG/DQJXDJH
±
0H\HU'DYLG(	5RJHU:6FKYDQHYHOGW)DFLOLWDWLRQLQUHFRJQL]LQJSDLUVRIZRUGV(YL
GHQFHRIDGHSHQGHQFHEHWZHHQUHWULHYDORSHUDWLRQV-RXUQDORI([SHULPHQWDO3V\FKRORJ\
±
1DWWLQJHU-DPHV5	-HDQHWWH6'H&DUULFR/H[LFDOSKUDVHVDQGODQJXDJHWHDFKLQJ2[
IRUG2[IRUG8QLYHUVLW\3UHVV
1HHO\-DPHV+6HPDQWLFSULPLQJHIIHFWVLQYLVXDOZRUGUHFRJQLWLRQDVHOHFWLYHUHYLHZRI
FXUUHQW¿QGLQJVDQGWKHRULHV,Q'HUHN%HVQHU	*O\Q:+XPSKUH\VHGV%DVLFSURFHVVHVLQ
UHDGLQJYLVXDOZRUGUHFRJQLWLRQ±+LOOVGDOH1-/DZUHQFH(UOEDXP
1HZPH\HU)UHGHULFN*UDPPDULVJUDPPDUDQGXVDJHLVXVDJH/DQJXDJH±
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
3DZOH\$QGUHZ	)UDQFHV+6\GHU7ZRSX]]OHVIRUOLQJXLVWLFWKHRU\1DWLYHOLNHVHOHFWLRQ
DQGQDWLYHOLNHÀXHQF\,Q-DFN&5LFKDUGV	5LFKDUG:6FKPLGWHGV/DQJXDJHDQGFRP
PXQLFDWLRQ±1HZ<RUN/RQJPDQ
3HUHD0DQXHO	(YD5RVD7KHHIIHFWVRIDVVRFLDWLYHDQGVHPDQWLFSULPLQJLQWKHOH[LFDO
GHFLVLRQWDVN3V\FKRORJLFDO5HVHDUFK±
3HWHUVRQ5REHUW5&XUW%XUJHVV*DU\6'HOO	.DWKOHHQ0(EHUKDUG'LVVRFLDWLRQ
EHWZHHQ V\QWDFWLF DQG VHPDQWLFSURFHVVLQJGXULQJ LGLRPFRPSUHKHQVLRQ-RXUQDORI([SHUL
PHQWDO3V\FKRORJ\/HDUQLQJ0HPRU\DQG&RJQLWLRQ±
5DVWOH.DWKOHHQ -RQDWKDQ+DUULQJWRQ	0D[&ROWKHDUW  QRQZRUGV7KH$5&
1RQZRUG'DWDEDVH4XDUWHUO\-RXUQDORI([SHULPHQWDO3V\FKRORJ\±
6FKPLGW5REHUW3V\FKRORJLFDOPHFKDQLVPVXQGHUO\LQJVHFRQGODQJXDJHÀXHQF\6WXGLHVLQ
6HFRQG/DQJXDJH$FTXLVLWLRQ±
6FKPLWW1RUEHUW6DUDK*UDQGDJH	6YHQMD$GROSKV$UHFRUSXVGHULYHGUHFXUUHQWFOXVWHUV
SV\FKROLQJXLVWLFDOO\YDOLG" ,Q1RUEHUW6FKPLWW HG)RUPXODLF VHTXHQFHVDFTXLVLWLRQ SUR
FHVVLQJDQGXVH±$PVWHUGDP	3KLODGHOSKLD-RKQ%HQMDPLQV
6FKPLWW1RUEHUW	*HRIIUH\8QGHUZRRG([SORULQJWKHSURFHVVLQJRIIRUPXODLFVHTXHQFHV
WKURXJKDVHOISDFHGUHDGLQJWDVN,Q1RUEHUW6FKPLWWHG)RUPXODLFVHTXHQFHVDFTXLVLWLRQ
SURFHVVLQJDQGXVH±$PVWHUGDP	3KLODGHOSKLD-RKQ%HQMDPLQV
6HUHQR-RDQ$*UDSKHPLFDVVRFLDWLYHDQGV\QWDFWLFSULPLQJHIIHFWVDVDEULHIVWLPXOXV
RQVHWDV\QFKURQ\LQOH[LFDOGHFLVLRQDQGQDPLQJ-RXUQDORI([SHULPHQWDO3V\FKRORJ\/HDUQ
LQJ0HPRU\DQG&RJQLWLRQ±
6KHOWRQ -HQQLIHU5	5DQGL&0DUWLQ +RZ VHPDQWLF LV DXWRPDWLF VHPDQWLF SULPLQJ"
-RXUQDORI([SHULPHQWDO3V\FKRORJ\/HDUQLQJ0HPRU\DQG&RJQLWLRQ±
6KLQ'RQJNZDQJ	3DXO1DWLRQ%H\RQGVLQJOHZRUGVWKHPRVWIUHTXHQWFROORFDWLRQVLQ
VSRNHQ(QJOLVK(/7-RXUQDO±
6LQFODLU-RKQ0&ROORFDWLRQDSURJUHVVUHSRUW,Q5RVV6WHHOH	7HUU\7KUHDGJROGHGV
/DQJXDJHWRSLFV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